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PREFACE  TO  SIXTH  EDITION. 


In  discussing  all  available  experiments  on 
model  retaining  walls  at  the  limit  of  stability, 
in  Van  Nostrand’s  “Engineering  Magazine,” 
February,  1882,  the  author  was  led  to  very 
definite  views  relative  to  the  direction  of  the 
earth-thrust  on  retaining  walls.  The  old  theory 
that  assumed  the  direction  of  the  earth- 
thrust  as  normal  to  the  inner  face  of  the 
wall,  or  as  having  in  all  cases  a  direction 
parallel  to  the  top  surface,  has  been  utterly 
exploded  by  every  experiment  that  has  been 
performed;  and  it  is  hoped  that  the  time  has 
arrived  for  its  permanent  retirement. 

This  work  is  divided  into  an  Introduction, 
where  this  direction  of  the  earth-thrust 
receives  careful  attention,  and  four  follow¬ 
ing  chapters,  pertaining  to  reservoir- walls 
and  the  theory  of  retaining- walls,  developed 
respectively  by  the  graphical  method,  the 

analytical  method,  and  finally  by  the  experi- 
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mental  method,  leading  up,  after  the  dis¬ 
cussion  of  all  experiments  available,  to 
“  the  practical  designing  of  retaining- walls/* 

In  the  brief  discussion  of  dams,  the 
occasion  is  taken  to  develop  certain  well- 
known  elementary  principles  that  are  com¬ 
mon  to  retaining-walls  as  well  as  dams. 
In  subsequent  chapters  of  this  work  a  good 
deal  of  new  matter  is  given  for  the  first 
time  ;  notably  in  the  analytical  theory  of 
the  retaining-wall,  and  in  the  graphical  dis¬ 
cussion  of  “  the  limiting  plane  ”  in  Chap.  II. 
The  theory  of  the  retaining-wall  has  been 
deduced,  with  the  one  assumption  of  a 
plane  surface  of  rupture,  from  well-known 
mechanical  laws;  Coulomb’s  “wedge  of 
maximum  thrust  ”  being  incidentally  proved 
in  the  course  of  the  demonstration,  but  not 
assumed  as  a  first  principle. 

It  is  hoped  that  constructors  will  hail 
with  delight  the  numerous  experiments  of 
Leygue  and  others,  discussed  in  the  fourth 
chapter,  which  lead  to  two  semi-empirical 
methods  which  can  be  confidently  used  in 
practice  for  the  design  of  retaining-walls. 
The  practical  tables  given  in  this  chapter 
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are  for  the  first  time  published  in  this  coun¬ 
try,  and  they  are  believed  to  be  of  great 
value. 

In  this  sixth  edition,  Appendices  II  and  III 
have  been  added,  leading  to  the  computation 
of  the  “Stresses  in  a  Masonry  Dam^’  on  any 
plane  not  too  near  the  base.  The  results, 
especially  when  taken  in  connection  with  the 
many  experiments  on  rubber  dams  made  in 
England  by  Messrs.  Wilson  and  Gore,  are 
thought  to  be  of  the  highest  importance. 

The  aim  of  the  author  has  been  to  prepare 
a  treatise  which  should  serve,  at  the  same 
time,  as  a  text-book  for  our  engineering 
colleges,  and  as  a  manual  for  the  practical 
engineer;  and  he  trusts  that  he  may  have 
succeeded  passably  well  in  carrying  it  out. 

Wm.  Gain. 

Chapel  Hill,  N.  G., 

December,  19(l9. 
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PRACTICAL  DESIGNING 

OP 

EETAIITING-WALLS. 


INTRODUCTION. 

1.  The  retaining  or  revetment  wall  is 
generally  a  wall  of  masonry,  intended  to 
support  the  pressure  of  a  mass  of  earth  or 
other  material  possessing  some  frictional 
stability.  In  certain  cases,  however,  as  in 
dock-walls,  the  backing  or  filling  —  as  the 
material  behind  the  wall  is  called — is  liable 
to  become  in  part  or  wholly  saturated  with 
water,  so  that  the  subject  of  water-pressure 
has  to  be  considered  to  complete  the  inves¬ 
tigation.  In  cases  where  the  filling  is  de¬ 
posited  behind  the  wall  after  it  is  built,  the 
full  pressure  due  to  the  pulverulent  fresh 
earth  or  other  backing  is  experienced ;  and 
the  wall  is  designed  to  meet  such  pressure, 
with  a  certain  factor  of  safety,  as  near  as  \t 
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can  be  ascertained.  In  time  the  earth 
becomes  more  or  less  consolidated  by  the 
settling  due  to  gravity,  vibrations,  and  rains, 
from  the  compressibility  of  the  material, 
which  thus  brings  iuto  action  those  cohesive 
aud  chemical  affinities  which  manufacture 
solid  clays  out  of  loosely  aggregated  mate¬ 
rials,  and  often  causes  the  bank  eventually 
even  to  shrink  away  from  the  wall  intended 
to  support  it,  when,  of  course,  there  will  be 
no  pressure  exerted  against  the  wall. 

2.  Where  a  wall  is  built  to  support  the 
face  of  a  cutting,  the  pressure  may  be 
nothing  at  first,  but  it  would  be  very  unwise 
to  make  the  wall  much  thinner  than  in  the 
preceding  case  ;  for  it  is  a  well-known  fact 
of  observation,  that  incessant  rains  often 
saturate  the  ground  of  open  cuttings  to 
such  an  extent  as  to  brins:  down  masses  of 
earth,  whose  surface  of  rupture  is  curved, 
being  more  or  less  vertical  at  the  top  and 
approaching  a  cycloid  somewhat  in  section  ; 
the  surface  of  sliding  being  so  lubricated 
by  the  water  that  the  pressure  exerted  hori¬ 
zontally  by  this  sliding  mass  is  even  greater 
than  for  dry  pulverulent  materials.  It  is, 
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in  fact,  on  this  account,  as  well  as  from  the 
force  exerted  by  water  in  freezing,  and  from 
the  disturbing  influences  caused  by  the 
passage  of  heavy  trains,  wagons,  etc.,  which 
set  up  vibrations  that  low^er  the  co-efflcieiit 
of  friction  of  the  earth,  and  besides  add 
considerably  by  their  weight  to  the  thrust 
of  the  backing,  that  a  factor  of  safety 
against  overturning  and  sliding  of  the  wall 
is  introduced,  which  factor  in  practice  gen¬ 
erally  varies  between  two  and  three  when 
the  actual  lateral  pressure  of  the  earth  is 
considered. 

3.  It  is  stated  that  retaining- walls  in 
Canada  require  a  greater  thickness  at  the 
top  to  resist  the  action  of  frost  than  farther 
south  where  the  frost  does  not  penetrate  the 
ground  to  so  great  a  depth.  Again,  if  the 
strata  in  a  cutting  dip  towards  the  wall, 
with  thin  beds  of  clay,  etc.,  interposed  that 
may  act  as  lubricants  when  wet,  the  press¬ 
ure  against  the  wall  may  become  enormous  ; 
or  if  fresh  earth-filling  is  deposited  upon  an 
inclined  surface  of  rock,  or  other  impervious 
material  that  may  become  slippery  when  the 
water  penetrates  and  accumulates  at  its  sur- 
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face,  the  pressure  may  become  much  greater 
than  that  due  to  dry  materials.  It  is  found, 
too,  that  certain  clays  swell  when  exposed 
to  the  air  with  great  force ;  others,  again, 
remain  unchanged.  In  all  such  exceptional 
cases  the  engineer  must  use  his  best  judg¬ 
ment  after  a  careful  study  of  the  material 
he  has  to  deal  with.  The  theory  and 
methods  used  in  this  book  will  not  deal 
with  such  exceptional  cases,  but  simply  with 
dry  or  moist  earth- filling  supported  by  good 
masonry  upon  a  firm  foundation  ;  and  it  is 
believed  the  theory  deduced  will  be  of  mate¬ 
rial  assistance  to  any  one  who  may  have  to 
deal  with  even  very  exceptional  conditions, 
or,  as  in  the  case  of  military  engineers,  with 
the  design  of  revetment- walls  partly  as  a 
means  of  defence. 

4.  When  a  retaining-wall  fails,  it  is  not 
generally  from  not  having  sufficient  section 
for  dry  backing  properly  laid  (in  layers 
horizontal  or  inclined  downwards  from  the 
wall),  but  because  the  earth  has  been  dumped 
in  any  fashion  against  the  wall,  and  no 
“weep  holes”  have  been  provided  to  let 
off  the  water  that  is  sure  in  time  of  rains  to 
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saturate  the  bank.  If  to  this  is  added  bad 
masonry,  and  a  yielding  foundation,  or  one 
liable  to  be  washed  out,  the  final  destruc¬ 
tion  of  the  wall  can  be  pretty  confidently 
counted  on. 

5.  The  folio  wins;  little  table  of  weisthts 
and  angles  of  repose  of  various  materials 
used  in  construction  may  prove  of  assistance, 
but  in  any  actual  case  the  engineer  should 
determine  them  by  actual  experiment :  — 


Weight  per  Cubic 
Foot  iu  Pounds. 

Angle  of 
Repose. 

Water  .... 

62.4 

0 

Mud ..... 

102. 

0-? 

Shingle,  gravel  . 

90-109-120 

35°-48o 

Clay  .... 

120 

140.450 

Gravel  and  earth, 

126 

— 

Settled  earth  .  . 

120-137 

21°-37° 

Dry  sand  .  .  . 

90 

34° 

Damp  sand  .  . 

120-128 

350-450 

Marl . 

100 

— 

Brick  .... 

90-135 

— 

Mortar  .... 

86-110 

— 

Brickwork  .  . 

110 

— 

Masonry  .  .  . 

110-144 

— 

Sandstone  .  .  . 

130-157 

- 

Granite  .  .  . 

164-172 

— 

We  may  assume  generally,  as  safe  values 
for  brickwork,  110  pounds  per  cubic  foot; 
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and  for  walls,  one-half  ashlar  and  one-half 
rubble  backing,  of  granite  142  pounds,  and 
of  sandstone  -120  pounds  per  cubic  foot, 
though  the  last  two  values  are  generally 
exceeded.  For  ordinary  earth  or  sand  filling 
the  angle  of  repose  can  be  taken  at  one  and 
one-half  base  to  one  rise,  or  a  slope  of 
33°42'  with  weights  per  cubic  foot  varying 
from  100  to  130. 

It  is  always  advisable,  where  practicable, 
to  put  a  layer  of  shingle  next  the  wall,  and 
to  consolidate  the  layers  of  the  filling  by 
punning  or  other  means,  so  as  to  reduce  the 
natural  slope  as  much  as  possible. 

With  a  well-built  wall,  designed  after 
methods  to  be  given  ;  having  a  good  foun¬ 
dation-course,  larger  than  the  body  of  the 
wall,  to  better  distribute  the  pressure,  and 
resist  sliding,  and  backed  as  described  ;  with 
•  iveeping  holes  near  the  bottom  at  intervals, 
—  there  should  be  no  fear  of  failure  under 
ordinary  conditions. 

6.  It  would  take  us  too  far  to  enter  into 
the  history  of  the  theory  of  the  retaiiiing- 
wall.  On  this  point  see  an  interesting  article 
by  Professor  A.  J.  DuBois  in  the  “  Journal 
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of  the  Franklin  Institute”  for  December, 
1879,  on  “  A  New  Theory  of  the  Retaining- 
Wall.”  In  this  work  three  methods  will  be 
developed  and  tested  by  the  expeiiments 
recorded.  Two  of  these  metliods  are 
founded  on  the  recent  extended  experi¬ 
ments  of  Leygue  (‘■‘Annales  des  Pouts  et 
Chaussees  ”  for  November,  1885)  and 
others,  and  the  third  is  deduced  by  aid  of 
the  mechanical  laws  of  stability  in  a  granu¬ 
lar  mass. 

7.  In  case  a  wall  moves  forward,  how¬ 
ever  little,  or  there  is  settling  of  the  earth 
behind  it,  the  earth  generally  rubs  against 
the  back  of  the  wall,  thus  developing  fric¬ 
tion.  There  are,  however,  certain  inclina¬ 
tions  of  the  back  of  the  wall  that  will  be 
specially  examined  in  articles  28-31,  for 
which  the  earth  sooner  breaks  along  some 
interior  plane,  in  its  mass,  than  along  the 
wall,  so  that  a  certain  wedge  of  earth  will 
move  with  the  wall  as  it  overturns  or 
tends  to  move.  For  all  other  cases,  which 
include  nearly  all  the  cases  in  practice, 
there  will  be  rubbing  of  the  earth  against 
the  wall,  so  that  the  earth-thrust  against 
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the  wall  must  be  assumed  to  make,  with 
the  normal  to  the  wall,  an  angle  equal  to  the 
co-efficient  of  friction  of  earth  on  wall, 
unless  this  is  greater  than  for  earth  on  earth, 
in  which  case  any  slight  motion  of  the  wall 
forward  will  carry  with  it  a  thin  layer  of 
earth,  so  that  the  rubbing  surfaces  are  those 
of  earth  on  earth. 

8.  These  suppositions  are  found  to  agree 
with  experiments.  The  old  theory  that 
assumed  the  earth-thrust  as  normal  to  the 
back  of  the  wall,  or,  as  in  Rankine’s  theory, 
always  parallel  to  the  top  slope,  does  not  so 
agree,  and,  in  fact,  often  gives,  for  walls 
at  the  limit  of  stability,  the  computed  thrust 
as  double  that  actually  experienced.  The 
true  theory,  therefore,  includes  all  the  fric¬ 
tion  at  the  back  of  the  wall  that  is  capable 
of  being  exerted.  This  friction,  combined 
with  the  normal  component  of  the  thrust, 
gives  the  resultant  earth-thrust  inclined 
below  the  normal  to  the  back  of  the  wall  at 
the  angle  of  friction  to  this  normal.^ 


^  In  Annales  des  Fonts  et  Chaussees  for  April,  1887, 
M.  Siegler  has  given  the  results  of  some  simple  experiments 
proving  the  existence  of  a  vertical  component  of  the  earth* 
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9.  Rankine’s  assumption  that  the  direc¬ 
tion  of  the  earth-thrust  is  always  parallel  to 
the  top  slope  applies  only  to  the  case  of  an 
imaginary  incompressible  earth,  homogene¬ 
ous,  made  up  of  little  grains,  possessing 
the  resistance  to  sliding  over  each  other 
called  friction,  but  without  cohesion  ;  of  in¬ 
definite  extent,  the  top  surface  being  plane  ; 
the  earth  resting  on  an  incompressible  foun¬ 
dation,  or  one  uniformly  compressible,  and 


thrust  against  the  movable  side  of  a  box  filled  with  sand,  by 
actually  measuring  the  increased  friction  at  the  bottom  of 
the  movable  board,  held  in  place,  caused  by  this  vertical  com¬ 
ponent.  The  box  was  one  foot  square  at  the  base ;  and  for 
successive  heights  of  saud  of  one-third,  two-thirds,  and  one 
foot,  the  vertical  components  of  the  thrust  for  earth  level  at 
top  were  0.66  pound,  1.76  pounds,  and  3.97  pounds,  respec¬ 
tively.  Similarly  fot  a  box,  0.5  x  0.8  feet,  filled  with  sand, 
but  having  a  movable  bottom  supported  firmly  on  iron  blocks, 
the  force  necessary  to  move  the  blocks  under  the  sides  and 
under  the  bottom  was  measured;  and  from  this  the  relative 
weights  of  sand  supported  by  the  bottom  and  sides  of  the 
box  was  found  to  be  as  one  to  one,  nearly,  for  a  height  of 
sand  of  0.6  foot,  and  about  two  to  one  for  a  height  of  1.18 
foot,  the  total  weights  ascertained  by  the  friction  apparatus 
also  checking  out  with  the  actual  to  within  five  per  cent. 
Other  experimenters  have  actually  weighed  the  amounts  held 
up  by  the  sides  and  bottom,  respectively.  See  Engineering 
News  for  May  15  and  29,  1886,  also  the  issue  for  March  3, 
1883,  on  “A  Study  of  the  Movement  of  Sand;”  also  see 
article  60  following. 
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being  subjected  to  no  external  force  hut  its 
oivn  iceiglit. 

For  such  a  material,  the  only  pressure 
which  any  portion  of  a  plane  parallel  to  the 
top  slope  of  greatest  declivity  can  have  to 
sustain  is  the  weight  of  material  directly 
above  it ;  so  that  the  pressure  on  the  plane 
is  everywhere  uniform  and  vertical.  If  we 
now  suppose  a  parallelopipedical  particle, 
whose  upper  and  lower  surfaces  are  planes 
parallel  to  the  top  slope,  and  bounded  on 
the  other  four  sides  by  vertical  planes,  we 
see  that  the  pressures  on  the  upper  and 
lower  surfaces  are  vertical,  and  their  differ¬ 
ence  is  equal,  opposite  to,  and  balanced  by 
the  weight  of  the  particle.  It  follows  that 
the  pressures  on  the  opposite  vertical  faces 
of  the  particle  must  balance  each  other 
independently,  which  can  only  happen  when 
the}^  act  parallel  to  the  top  surface,  in  which 
case  only  are  they  directly  opposed.  The 
pressures,  therefore,  on  the  two  vertical 
faces  parallel  to  the  line  of  greatest  declivity 
will  be  horizontal ;  and  on  the  other  two 
faces,  parallel  to  the  line  of  greatest  de¬ 
clivity.  This  is  Rankine’s  reasoning,  and 
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it  is  sound  for  the  material  and  conditions 
assumed.  It  is  likewise  applicable  to  a 
material  of  the  same  kind,  only  compressible^ 
provided  we  suppose  it  deposited,  as  snow 
falls,  everywhere  to  the  same  depth,  on  an 
absolutely  incompressible,  or  a  uniformly 
compressible,  plane  foundation,  parallel  to 
the  ultimate  top  slope  of  the  earth  ;  for  then 
the  compression  is  uniform  throughout  the 
mass,  aud  does  not  affect  the  reasoning. 
But  if  w^e  suppose,  as  usually  happens,  that 
the  foundation  is  not  uniform  in  compressi¬ 
bility,  then  the  earth  will  tend  to  sink  where 
it  is  most  yielding.  This  sinking  is  resisted 
to  a  certain  extent  by  the  friction  resulting 
from  the  thrust  of  the  earth  surrounding  the 
falling  mass,  so  that  much  of  its  weight  is- 
transmitted  to  the  sides,  as  actually  happens 
in  the  case  of  fresh  earth  deposited  over 
drains,  culverts,  or  tunnel  linings  which 
settle  appreciably.  In  the  case  of  a  tunnel 
driven  through  old  ground,  most  if  not  all 
the  weight  of  the  mass  above  it  is  trans¬ 
mitted  to  the  sides  ;  at  least,  at  first,  before 
the  timbering  or  masonry  is  got  in.  Again, 
if  the  mass  of  earth  is  of  variable  depth,. 


€ven  on  a  firm  foundation,  the  mass  of 
greatest  depth  will  sink  most,  thus  trans¬ 
mitting  some  of  its  weight  to  the  sides,  so 
that  throughout  the  entire  mass  the  press¬ 
ure  is  nowhere  the  same  at  the  same  depth 
as  assumed.  The  vertical  pressure  over  a 
drain  or  small  culvert  crossing  an  ordinary 
road  embankment  is  less,  too,  for  another 
reason,  where  the  embankment  is  highest. 
The  earth-thrust  on  a  vertical  plane,  parallel 
to  the  line  of  road,  is  horizontal  for  a  sym¬ 
metrical  section  when  the  plane  bisects  that 
section.  On  combinino;  this  thrust  with  the 
weight  of  the  material  on  either  side,  we 
see  that  the  resultant  load  on  the  culvert  is 
removed  farther  from  the  centre  than  if 
there  was  no  horizontal  thrust.  It  is  on 
account  of  this  tendency  to  equalize  press¬ 
ure  by  aid  of  the  friction  resulting  from  the 
earth-thrust,  that  sand,  when  it  can  be  con¬ 
fined,  is  one  of  the  best  foundations,  whether 
in  mass  or  in  the  form  of  sand  piles. 

10.  In  the  case  of  earth  deposited  behind 
a  retaining- wall  on  a  good  foundation,  the 
settling  of  the  earth  will  generally  be  greater 
than  that  of  the  wall,  so  that  the  earth  rubs 
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against  the  wall,  giving  generally  the  direc¬ 
tion  of  the  thrust  no  longer  inclined,  even 
approximately  parallel  to  the  top  slope 
(except  when  the  latter  is  at  the  angle  of 
repose),  but  making  with  the  normal  to  the 
back  of  the  wall  an  angle  downwards  equal 
to  the  angle  of  friction.  If  the  wall  should 
settle  more  than  the  filling,  the  thrust  would 
at  first  have  a  tendency  to  be  raised  above 
the  normal.  But  if  such  a  thrust,  when 
combined  with  the  weight  of  the  wall,  passes 
outside  of  the  centre  of  the  base  of  the 
wall,  the  top  of  the  wall  will  move  over 
slightly,  the  earth  will  get  a  grip  on  the  wall 
m  the  other  direction  ;  so  that  it  is  plainly 
impossible  for  the  wall  (for  usual  batters  at 
least)  to  overturn  or  slide  on  its  base,  with¬ 
out  this  full  friction,  acting  downwards  at 
the  back  of  the  wall,  being  exerted.  Hence 
the  theory  which  supposes  it  is  safe  ;  for 
although  it  is  possible  that  the  earth  may 
make  the  effort  at  times  to  exert  the  full 
thrust  given  by  Rankine’s  formula,  yet  this 
effort  is  suppressed  instanter  by  the  external 
force  now  introduced  by  the  wall  friction, 
which  force  was  expressly  excluded  from 
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the  Raukine  theory.  The  exceptions  to 
this  rule  will  be  noted  in  article  31. 

11.  Weyranch’s  objections  to  taking  the 
thrust  inclined  at  the  angle  (f)'  of  friction 
to  the  nornial  are  easily  met.  He  says, 
Take  a  tunnel-arch ;  and  if  we  suppose  the 
pressure,  as  we  go  up  from  either  side,  to 
make  always  the  angle  4>'  with  the  normal, 
we  shall  have  at  the  crown  two  differently 
directed  pressures  :  similarly  for  a  horizon¬ 
tal  wall  with  level-topped  earth  resting  on 
it.  If  there  is  no  relative  motion,  or  ten¬ 
dency  to  motion,  the  thrust  in  the  latter 
case  is  of  course  vertical,’and  in  the  former 
is  probably  vertical  at  the  crown  and  in¬ 
clined  elsewhere  ;  but  if  the  arch  or  wall 
moves,  and  there  is  rubbing  of  the  earth 
on  the  masonry,  there  is  necessarily  friction 
exerted  ;  so  that  the  thrust  at  any  point  can 
have  but  one  direction,  making  the  angle  (f>'' 
with  the  normal. 

12.  Mr.  Benjamin  Baker,  in  his  paper 
before  the  Institution  of  Civil  Engineers, 
on  the  ‘  ‘  Actual  Lateral  Pressure  of  Earth¬ 
work  ”  (republished  by  Van  Nostrand  as 
“Science  Series,”  No.  56),  tested  an  old 
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theory  (where  the  earth-thrust  was  assumed 
to  act  normal  to  the  wall)  by  the  results 
of  experiments,  and  found  the  theoretical 
pressure  often  double  the  actual.  In  the 
discussion  which  followed,  not  a  single 
engineer  so  much  as  alluded  to  a  truer 
theory  which  assumes  the  true  direction  of 
the  earth-thrust,  and  has  been  known  and 
used,  just  across  the  channel,  since  the 
time  of  Poncelet. 

The  writer  tested  this  theory  by  man}’  of 
the  experiments  recorded  by  Baker  and 
some  others,  and  found  it  to  agree,  within 
certain  limits,  remarkably  well  (see  “Van 
Nostrand’s  Magazine  ”  for  February,  1882) . 
These  results  have  been  carefully  revised, 
and  new  experiments  included,  in  the  table 
given  farther  on,  from  which  the  reader 
can  form  a  fair  estimate  of  the  theory  as  a 
working  theory  within  certain  limits  that 
will  be  indicated. 

The  reader  is  referred,  however,  to  Mr. 
Baker’s  essay,  not  only  for  experiences 
under  ordinary  conditions,  but  for  those 
exceptional  cases  which  seem  to  defy  all 
mathematical  analysis.  In  fact,  the  engi- 
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neer  almost  invariably  has  to  assume  che 
weights  of  earth  and  masonry,  and  angle 
of  repose  of  the  earth.  Where  there  is 
water,  the  conditions  one  day  may  be  very 
different  from  what  they  are  the  next, 
especially  if  the  foundation  is  bad,  as  often 
happens  ;  in  which  case  the  wall  will  move 
over  simply  on  account  of  the  compres¬ 
sibility  of  the  foundation,  so  that  it  has 
perhaps  nothing  like  the  estimated  stability. 
For  all  such  cases  an  allowance  must  be 
made  over  the  results  given  for  a  firm 
foundation,  etc.,  as  to  which  no  rule  can 
be  given. 

As  water  often  saturates  the  filling,  and 
perhaps  gets  under  the  wall,  we  must  con¬ 
sider,  in  certain  cases,  water-pressure  in 
connection  with  the  thrust  of  the  backing. 
Therefore,  a  short  chapter  on  reservoir- 
walls,  or  dams,  follows,  in  which  many  of 
the  principles  that  must  likewise  apply  to 
retaining- walls  proper  are  given. 
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CHAPTER  1. 

RESERVOIR- WALLS. 

13.  The  design  of  reservoir- walls  is  a 
subject  that  has  received  the  atteijtion  of 
many  engineers  and  mathematicians ;  but 
they  are  by  no  means  agreed,  except  in  a 
general  way,  upon  the  precise  profile  that 
is  best  to  satisfy,  as  uniformly  as  possible, 
the  requirements  of  strength  and  stability. 

We  shall  very  briefly,  and  by  the  shortest 
means,  point  out  the  main  principles  of 
design  of  a  dam  that  resists  overturning 
or  sliding  by  its  weight  alone,  and  is  called 
a  gravity  dam^  in  contradistinction  to  one 
built  on  a  curve  that  requires  the  aid  of 
arch  action  to  render  it  stable. 

Let  Fig.  1  represent  a  slice  of  the  dam 
contained  between  two  vertical  parallel 
planes  one  foot  apart,  and  perpendicular  to 
the  faces. 

When  the  dam  is  large,  a  roadway  is 
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geoerally  built  on  top,  so  that  the  faces  hs 
and  gi  are  vertical  or  nearly  so  for  some 
distance  down ;  after  which  the  profile  i& 
designed  to  meet  certain  requirements,  to  be 
given  presently.  Let  us  suppose  that  the 
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dam  has  been  properly  designed  down  to 
the  horizontal  joint  d/,  and  that  the  w'eight 
of  the  portion  above  df  equals  TFj,  regard¬ 
ing  the  weight  of  a  cubic  foot  of  masonry 
as  1,  and  that  its  resultant  cuts  the  joint 
df  at  the  point  o. 
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To  design  the  part  fabd  below  df  by  a 
rapid  though  tentative  method,  we  must 
first  assume  the  slopes  db  and  fa  corre¬ 
sponding  to  the  depth  dc;  then  compute  the 
areas  of  the  triangles  bed  and  o/e,  and  of 
the  rectangle  feed.  The  distances  of  the 
centres  of  gravity  of  these  areas  (which 
represent  volumes)  from  the  point  b  are  re¬ 
spectively  |6c,  be  +  ^ae,  and  be  -f-  ^ce.  On 
multiplying  each  area  by  its  correspond¬ 
ing  arm  from  adding  the  products 
to  W^{bc  -f-  do)^  and  dividing  by  the  sum 
of  TFj  (which  equals  the  area  of  gkdf) 
and  the  portion  added  fabd,  we  find  the 
horizontal  distance  6m  from  b  to  where  the 
resultant  of  the  weight  above  joint  ab  cuts 
this  joint.  Its  amount  W  is  equal  to  the 
sum  of  the  areas  (  TF,  +  abdf),  and  we 
have  only  to  combine  TF  acting  along  the 
vertical  through  m,  with  the  horizontal 
thrust  H  of  the  water  acting  on  the  face 
ksdb,  to  find  the  resultant  R  on  the  joint, 
and  the  point  n  where  it  cuts  that  joint. 

There  is  a  vertical  pressure  of  the  water 
on  the  part  sdb ;  but,  as  it  adds  to  the 
stability,  it  is  generally  neglected,  particu- 
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larly  as  the  inner  face  is  generally  nearly 
vertical. 

14.  The  horizontal  pressure  of  the  water 
II  for  the  height  /i,  by  known  laws  of 
mechanics,  is  equal  to  the  area  /i  X  1  mul¬ 
tiplied  by  the  depth  of  its  centre  of  gravity 

-  below  the  surface  of  the  water,  and  by 
2 

the  weight  of  a  cubic  foot  of  water  w, 
where  a  cubic  foot  of  masonry  is  taken  as 
the  unit.  This  pressure  acts  horizontally 
at  ^li  above  the  joint  a6,  so  that  its  moment 
about  the  point  n  where  the  resultant  R 

_  h  h  _  h^w  rp. 

cuts  the  base  ab  is  h  .  -  ~  —  — —• 

zoo 

moment  of  W  about  the  same  point  is 
W  X  7)111.  As  these  two  moments  must  be 
equal,  we  find  the  distance  between  the 
resultant  pressures  on  joint  ab  for  reservoir 
empty  and  reservoir  full. 


mn 


h^uo 

6TF* 


The  above  is  substantially  one  of  the  methods 
adopted  by  Consulting  Engineer  A.  Fteley  in  the 
design  of  the  proposed  Quaker  Bridge  Dam.  See 
bis  interesting  report,  and  that  of  B.  S.  Church, 
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chief  engineer,  with  many  diagrams  of  existing 
dams  of  large  proportions,  in  “Engineering News” 
for  1888,  Jan.  7,  14,  Feb.  4,  11;  also  the  discus¬ 
sions  by  the  editor  in  the  numbers  for  Feb.  4  and 
25,  and  March  3. 

15.  There  are  three  well-known  condi¬ 
tions,  that  must  hold  at  any  joint  if  the 
profiles  fa  and  db  have  been  designed 
correctly :  — 

1st,  The  points  m  and  n  where  the  re¬ 
sultants  for  reservoir  empty  or  full  cut  the 
base  ab  must  lie  within  the  middle  third  of 
the  joint  or  base  ab. 

2d,  The  unit  pressures  of  the  masonry  at 
the  points  a  or  b  must  not  exceed  a  certain 
safe  limit. 

3d,  No  sliding  must  occur  at  any  point. 

16.  The  last  condition  is  evident,  and 
requires  that  H  <  Wf  where  /  is  the  co¬ 
efficient  of  friction  of  masonry  on  masonry, 
the  adhesion  of  the  mortar  being  neglected. 
If  is  the  angle  of  repose  of  masonry  on 
masonry,  /  =  tan  and  we  must  always 
have, 


—  <  tan  ; 
W  ^ 
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that  is,  the  resultant  M  must  never  make 
with  the  normal  to  the  joint  an  angle 
greater  than  the  angle  of  friction.  In  fact, 
in  practice,  we  should  employ  some  factor 
of  safety  as  2  or  3,  so  that  2H  or  3//  should 
always  be  less  than  Wf.  This  third  con¬ 
dition  is  of  supreme  importance  at  the 
foundation  joints  of  dock-walls,  which  fail 
(wlien  they  fail  at  all)  by  sliding  from 
the  insufficient  friction  afforded  by  the  wet 
foundation.  For  ordinary  retaining-walls, 
too,  the  foundation  should,  when  practi¬ 
cable,  be  inclined,  so  that  li  shall  make  a 
small  angle  with  the  normal  to  the  base. 
In  all  cases,  deep  foundations  are  to  be 
preferred,  as  the  earth  in  front  of  the  wall 
resists  the  tendency  to  slide  appreciably. 

17.  We  shall  now  proceed  to  give  a 
reason  for  the  first  condition  above,  and 
likewise  deduce  a  formula  to  ascertain  the 
unit  stresses  at  the  points  a  and  b. 

If  we  decompose  the  resultant  B  at  the 
point  n,  distant  u  =  an  from  a  (Fig.  1), 
into  its  two  components  H  and  IF,  the 
former  is  resisted  by  the  friction  of  the 
joint,  and  will  be  neglected  in  computing 
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the  stresses  at  a  and  6,  though  it  doubtless 
affects  them  in  some  unknown  manner. 
The  remaining  force  W,  acting  vertically 
at  w,  must  necessarily  cause  greater  press¬ 
ure  at  the  nearest  edge  than  elsewhere  on 
the  joint,  at  least  when  the  angle  at  a  is  not 
too  acute,  and  the  dam  is  a  monolithic 
structure.  For  large  dams  built  of  stones 
in  cement,  it  is  likely  that  there  will  be 
greater  pressure  at  the  middle  of  the  base 
than  in  a  monolithic  structure  where  the 
resistance  to  shearing  or  sliding  along  ver¬ 
tical  planes  is  much  greater  than  in  a  wall 
made  up  of  many  blocks,  particularly  if 
they  are  laid  dry.  But  it  is  probably  best, 
until  experiment  can  speak  more  decisively 
on  the  point,  to  assume  the  pressure  great¬ 
est  at  the  toe  nearest  the  resultant,  and  as 
given  by  the  following  theory  :  — 

Call  I  =  length  of  joint  ab 

u  z=z  z=  distance  from  R  to  near¬ 
est  toe ; 

then  if  we  suppose  applied  at  the  centre  of 
the  joint  two  vertical  opposed  forces,  each 
equal  to  TF,  it  does  not  affect  equilibrium. 
We  can  now  suppose  the  force  W  acting 
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downwards  at  the  centre  to  be  the  resultant 


shown  by  the  little  arrows  just  below  joint 
ah;  and  that  the  remaining  forces  fF,  one 
at  the  centre  and  one  at  ri,  acting  in  oppo¬ 
site  directions,  and  constituting  a  couple, 
whose  moment  is  W  —  u)^  cause  a  uni¬ 
formly  increasing  stress,  as  in  ordinary 
flexure  (shown  by  the  little  arrows  below 
the  first),  whose  intensity  at  a  or  b  is  by 
known  laws. 


The  total  stress  p  at  the  nearest  toe  a  is 
therefore  the  sum  of  p-^  and  p^^  and  is  com¬ 
pressive. 


•  (1) 


The  stress  at  h  is  of  course  p^  —  p.^^  where 
this  is  not  minus  indicating  tension,  unless 
the  joint  can  stand  the  tension  required. 
If  we  call  u'  the  distance  from  n  to  the 
farthest  toe,  i.e.  u'  =  nb,  we  have  the  mo- 
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ment  of  the  two  weights  W  =  W{u'  —  ^V), 
On  substituting  this  value  for  —  u)  in 

the  value  for  above,  we  find  for  the  unit 
stress  at  5  the  identical  equation  (1)  above, 
provided  we  replace  u  by  u' ;  so  that  the 
equation  is  general,  and  applies  to  either 
toe,  if  we  only  substitute  for  u  the  distance 
of  the  resultant  from  that  toe.  The  stress 
is  distributed,  as  shown  by  the  lower  set  of 
arrows  in  Fig.  1,  where  there  is  only  com¬ 
pression  on  the  joint  as  should  always 
obtain.  The  stress  is  thus  uniformly  in¬ 
creasing  from  the  right  to  the  left.  If  the 
limit  of  elasticity  is  nowhere  exceeded,  it 
follows  that  a  plane  joint  before  strain  will 
remain  a  plane  joint  after  strain,  as  must 
undoubtedly  be  the  rule  for  single  rectangu¬ 
lar  blocks. 

Keferring  to  equation  (1),  we  see  that  if 
we  replace  u  by  u'  =  f  Z,  that  the  stress  at  h 
is  zero,  from  which  point  it  increases  uni¬ 
formly  to  a,  where  its  intensity,  for  u  = 

W 

is  p  =  2 — ,  or  twice  the  mean.  For  greater 
1 

values  of  u'  than  fZ,  the  stress  at  b  becomes 
tensile,  which  is  not  desirable ;  hence  the 
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reason  for  condition  1  above,  that  the  re¬ 
sultant  should  lie  .within  the  middle  third 
of  the  joint. 

If  the  joint  cannot  resist  tension  at  all, 
and  R  strikes  outside  the  middle  third,  the 
joint  will  bear  compression  only  over  a 
length  and  the  maximum  intensity  at 
W 

a  is  now  2 — .  This  is  evident,  if  we  treat 

Su  =  I'  as  the  length  of  joint,  and  substi¬ 
tute  this  value  for  I  in  formula  (1).  There 
is  now  no  pressure  at  the  distance  3u  =  V 
from  the  left  toe  by  the  previous  reasoning 
for  the  original  joint  and  to  the  right  of 
that  point  the  joint  will  open,  or  tend  to 
open.  It  is  evident  for  full  security  that 
the  resultant  should  strike  within  the  mid¬ 
dle  third  some  distance  to  allow  for  con- 
tinoeucies. 

18.  Having  computed  the  unit  pressures 
at  tlie  nearest  toes  for  reservoir  full  or 
empty,  condition  2  requires  that  these 
pressures  do  not  exceed  certain  limits  :  in 
case  they  do,  the  lower  profiles  have  to  be  re¬ 
vised,  and  the  computation  above  repeated, 
until  all  the  conditions  are  satisfied. 
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In  the  proposed  design  for  Quaker  Bridge 
Bam,  maximum  pressures  per  square  foot  at  the 
toes,  at  tile  base,  were  limited  to  30,828  lbs.  at 
the  back,  and  33,266  lbs.  at  the  face;  these 
pressures  diminishing  gradually  to  one-half  to 
within  about  100  feet  from  the  top,  the  total 
height  of  dam  from  the  foundation  being  265 
feet ;  the  argument  being  that  the  lower  parts 
could  stand  more  pressure  than  the  upper  parts 
shortly  after  construction,  on  account  of  the 
cement  there  attaining  a  greater  strength.  Be¬ 
sides,  for  this  unprecedented  height  of  dam,  to  keep 
the  lower  pressures  within  more  usual  limits  “it 
would  be  necessary  to  spread  the  lower  parts  in 
an  impracticable  manner,  and  to  incline  the  slopes 
to  an  extent  incompatible  with  strength.” 

It  is  evident  that  by  this  method  of  design 
there  is  no  fixed  rule  by  which  any  two  computers 
could  arrive  at  the  same  profile,  having  given  the 
upper  part  empirically,  sufficient  in  section  to 
carry  a  roadway,  and  to  resist  the  additional 
stresses  due  to  the  shock  of  waves  and  ice,  at  a 
time,  too,  when  the  mortar  is  not  fully  set. 

Such  a  rule  is  most  easily  introduced  by 
requiring  a  certain  factor  of  safety  against  over¬ 
turning,  and,  moreover,  that  the  factor  of  safety 
against  sliding  along  any  plane  shall  not  fall  below 
a  certain  amount.  It  is  suggested,  however,  that 
the  factors  of  safety  should  increase  from  the 
foundation  upwards,  to  make  the  section  equally 
strong  everywhere  against  overturning,  when 
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allowance  is  made  for  the  effects  of  wind  and  wave 
action,  floating  bodies,  the  expansive  force  of 
ice,  or  perhaps  the  malicious  use  of  dynamite. 
If  this  is  admitted,  it  would  add  one  more  con¬ 
dition  (4)  to  the  three  previously  stated,  and 
Would  secure  greater  uniformity  in  design.  See 
Appendix. 

As  to  the  unit  pressure  test  (condition  2),  it 
must  be  observed,  that  we  know  little  or  nothing 
as  to  what  limit  to  impose;  for  not  only  is  the 
stress  all  dead  load  (which  would  allow  of  higher 
unit  stresses),  but  the  unit  resistance  of  masonry 
in  great  bulk  is  undoubtedly  much  greater  than 
in  small  niasses  (not  to  speak  of  tests  on  small 
specimens  as  a  criterion),  since  the  shearing  off 
which  follows,  or  is  an  incident  to,  crushing  can 
hardly  occur  in  the  interior  of  a  large  mass  of 
masonry. 

19.  We  shall  find  in  the  end,  that,  for 
different  forms  of  retaiuin2:-walls  to  sustain 
earth,  that  a  factor  of  safety  of  about  2.5 
against  overturning  is  liiglily  desirable,  and 
that  it  will  generally  satisfy  the  middle  third 
limit.  In  such  walls  this  factor  must  be 
introduced  to  provide'  against  an  actual 
increase  of  the  earth-thrust,  due  to  water, 
freezing,  accidental  loads,  and  above  all 
to  the  tremors  caused  by  passing  trains  or 
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vehicles  (if  these  are  not  considered  sepa¬ 
rately),  which  it  is  well-known  have  caused, 
by  increased  weight,  and  the  increased 
pressure  due  to  lowering  the  natural  slope, 
a  gradual  leaning  and  destruction  of  walls 
of  considerable  stability  for  usual  loads. 

In  a  very  high  dam  this  is  different: 
the  pressure  rarely  changes  but  little,  ex¬ 
cept  on  the  upper  portions ;  so  that,  if  such 
conditions  were  to  hold  indefinitely,  the 
limiting  unit  stresses  should  control  the 
lower  profile  more  than  a  factor  of  safety 
against  overturning.  But,  as  pointed  out 
by  the  editor  of  “  Engineering  News  ”  (in 
the  issues  above  referred  to),  a  dam  on 
which  the  fate  of  a  city  may  ultimately 
depend  should  be  designed,  as  far  as  pos¬ 
sible,  to  resist  earthquakes  also.  For  that 
contingency,  there  is  a  reason  for  the  factor 
of  safety  against  overturning  and  sliding 
being  as  great  as  possible  throughout ;  and 
by  putting  the  gravity  dam  in  the  arch 
form,  convex  up  stream,  the  resistance  to 
earthquake  and  other  shocks  is  enormously 
increased. 

20.  We  have  now  given  the  general  prin- 
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ciples  that  should  guide  in  the  design  of 
dams,  which  likewise  apply  in  the  design 
of  retaining-walls  proper,  where,  however, 
the  height  is  rarely  sufficient  to  call  for 
much,  if  any,  change  of  profile,  and  the 
maximum  pressures  are  usually  far  within 
safe  limits  when  a  proper  factor  of  safety 
against  overturning  or  sliding  has  been 
introduced,  which  satisfies  likewise  the  con¬ 
dition  that  the  resultant  shall  cut  the  base 
within  the  middle  third.  We  of  course 
have,  as  stated  before,  the  direction  of  the 
earth-thrust  inclined  below  the  normal  to 
the  wall  at  the  angle  of  friction  ;  otherwise, 
the  methods  above  are  applicable  when  the 
value  of  that  earth-thrust  has  been  deter- 
miued.  For  dock  or  river  walls,  saturated 
with  water,  The  buoyant  and  lubricating 
effect  of  the  water  must  he  considered. 

If  we  suppose  the  filling  of  gravel,  the 
water  surrounding  each  stone  allows  free¬ 
dom  of  motion  ;  but  the  weight  of  the  solid 
stones  of  the  filling  must  now  be  taken  less 
than  when  in  air,  by  the  weight  of  an  equal 
volume  of  water,  or  at  the  rate  of  62.4 
lbs.  per  cubic  foot  (or  say  64  for  salt 
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water),  and  the  earth -thrust  then  found 
for  the  angle  of  repose  of  stone  lubricated 
with  water.  Thus,  if  the  weight  of  the 
solid  stone  be  150.4  lbs.  per  cubic  foot, 
and  the  voids  are  thirty  per  cent,  the  weight 
of  solid  stone  in  water  is  88  lbs.  per  cubic 
foot,  and  that  of  the  filling  88  x  .70  = 
61.6  lbs.  in  water,  although  it  was  105  in 
air. 

If  the  wall  is  founded  on  a  porous 
stratum,  the  weight  of  the  masonry  is  sim¬ 
ilarly  reduced  by  62.4  lbs.  per  cubic  foot, 
or  say  one-half  ordinarily ;  but  if  the 
foundation  is  rock  or  good  clay,  ‘‘there  is 
no  more  reason  why  the  water  should  get 
under  the  wall  than  it  should  creep  through 
any  stratum  of  a  well-constructed  masonry 
or  puddle-dam,”  as  Mr.  Baker  has  ob¬ 
served. 

If  the  water  cannot  get  in  behind  the 
wall,  the  water  in  front  only  assists  the 
stability. 

It  has  been  previously  observed  that 
sliding  is  principally  to  be  guarded  against 
in  dock- walls  and  others  similarly  situated, 
which  can  only  be  done  by  a  sufficient 
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weight  of  masonry  irrespective  of  its  shape, 
unless  the  foundation  is  inclined,  which 
even  in  the  case  of  piling  has  been  effected 

Fig.  2 


by  driving  the  piles  obliquely,  of  course 
as  nearly  at  right  angles  to  the  resultant 
pressure  as  is  practicable. 

Fig.  2  represents  a  wall  with  a  curved 
batter,  in  brickwork  with  radiating  courses, 
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that  might  be  used  for  a  quay  or  river-wall, 
or  a  sea-wall,  as  ships  can  come  closer  to 
the  brink  than  in  the  case  of  a  straight 
batter ;  besides,  for  sea-walls  it  resists  the 
action  of  the  waves  better.  The  centre  of 
gravity  can  be  found  by  dividing  the  cross 
section  up  into  approximate  rectilinear 
figures,  and  proceeding  as  in  finding  the 
position  of  TF  in  Fig.  1.  Its  position  is 
a  little  farther  back  than  for  a  straight 
batter,  which  adds  to  its  stability.  But  it 
is  difficult  to  construct,  the  joints  at  the 
back  are  often  thicker  than  is  advisable, 
and  there  is  probably  no  ultimate  economy 
in  its  use. 
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CHAPTER  II. 

THEORY  OF  RETAINING- WALLS. 

Graioliical  Method. 

21.  In  the  theory  of  earth-pressure  that 
follows,  we  shall  consider  the  earth  as  a 
homogeneous,  compressible  mass,  made  up 
of  particles  possessing  the  resistance  to 
sliding  over  each  other  called  friction,  but 
without  cohesion.  This  is  a  much  simpler 
definition  than  the  one  that  Rankine’s 
theory  calls  for  (see  Art.  9),  and  is  more 
true  to  nature;  the  only  approximation,  in 
fact,  consisting  in  neglecting  cohesion,  if 
we  consider  a  homogeneous  earth  like  dry 
sand. 

Let  Fig.  3  represent  a  vertical  section  of 
a  retaining-wall  ABCD,  backed  by  earth, 
whose  length  perpendicular  to  the  plane  of 
the  paper  is  unity. 
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Assumption.  We  assume  that  the  earth 
behind  the  wall,  whether  the  top  surface  is 
a  plane  or  not,  has  a  tendency  to  slide 
along  some  plane  surface  of  rupture  as 
J.1,  ^2,  ...  . 

TTigri  3 


No  proof  is  given  of  this  assumption,  so 
that  it  can  only  be  tested  by  experiment ; 
but  for  the  present  we  shall  adopt  it. 

In  connection  with  the  hypothesis  of  a 
plane  surface  of  rupture,  we  shall  use  only 
one  principle  of  mechanics  relative  to  the 
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stability  of  a  granular  mass,  first  stated 
by  Rankine  as  follows  :  — 

It  is  necessary  to  the  stabiliiy  of  a 
yranular  mass,  that  the  direction  of  the 
liressure  between  the  portions  into  tuhich  it 
is  divided  by  any  plane  should  not,  at  any 
point,  male  ivith  the  normcd  to  that  plane 
an  angle  exceeding  the  cuigle  of  repose. 

This  principle  will  alone  enable  us  to 
ascertain  the  earth-thrust  against  any  plane 
without  resorting  to  a  special  principle, 
like  Coulomb’s  ‘‘  wedge  of  maximum 
thrust,”  which  last,  however,  will  be  in¬ 
cidentally  demonstrated  as  a  consequence 
of  the  above  law. 

22.  In  Fig.  3,  let  us  consider  the. 
triangular  prisms  CAO,  CA\,  .  .  .  ,  as 
regards  sliding  down  their  bases  AO, 

Al,  ...  . 

If  AF  is  the  natural  slope  of  the  earth, 
the  tendency  of  the  prism  CAF  to  slide 
along  AF  is  exactly  balanced  by  friction, 
as  is  well  known.  But  if  we  consider 
other  possible  planes  of  rupture,  lying 
above  AF,  as  AO,  ^11,  .  .  .  ,  we  see,  unless 
the  wall  offers  a  resistance,  that  sliding 
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along  some  one  of  these  planes  must 
occur :  so  that  the  earth  exerts  an  active 
thrust  against  the  wall,  which  must  be 
resisted  by  it ;  otherwise,  overturning  or 
sliding  would  ensue. 

In  case  the  wall  is  subjected  to  a  thrust 
from  left  to  right,  as  from « earth,  water, 
etc.,  acting  on  BD^  and  this  thrust  is 
sufficient  to  more  than  counterbalance  the 
active  thrust  of  the  earth  to  the  right  of 
the  wall,  it  will  bring  in  the  passive 
resistance  of  the  earth  to  sliding  up  some 
plane  as  A2,  and  the  surface  of  rupture 
will  now  resist  motion  upwards,  in  place  of 
downwards  as  hitherto. 

In  the  first  case,  of  active  thrust,  where 
the  prism  is  just  on  the  point  of  moving 
down  the  plane,  we  know  by  mechanics 
that  the  resultant  pressure  on  the  plane 
of  rupture  makes  an  angle  0  of  friction  of 
earth  on  earth  with  the  normal  to  that 
plane  and  directed  belotv  the  normal ;  in 
the  second  case,  of  passive  thrust,  the 
direction  of  the  pressure  lies  above  or 
nearer  the  horizontal  than  the  normal,  and 
makes  the  angle  ^  with  the  latter. 
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23.  In  the  first  case,  where  the  wall 
receives  only  the  active  thrust  of  the  prism 
of  maximum  thrust,  let  us  call  G  (Fig.  3) 
the  weight  in  pounds  of  this  prism  ;  S  the 
resultant  pressure  on  the  surface  of  rupture, 
making  an  angle  ^  with  the  normal  to  that 
plane  below  the  normal ;  and  E  the  resultant 
earth-pressure  on  the  wall,  which  (except 
for  cases  to  be  noted  in  Art.  31)  makes  an. 
angle  (/>'  of  friction  of  earth  on  wall  with 
the  normal  to  the  wall  below  the  normal, 
unless  (j)'  >  in  which  case  a  thin  layer 
of  earth  will  go  with  the  wall,  in  case  of 
relative  motion,  and  this  layer  rubbing 
against  the  remaining  earth  will  only  cause 
the  friction  of  earth  on  earth,  and  E  will 
only  be  directed  at  an  angle  ^  below  the 
normal ;  supposing  always  that  the  tendency 
to  relative  motion  corresponds .  to  the  earth 
moving  down,  along  the  back  of  the  wall 
AC,  as  in  settling  from  its  compressibility, 
or  as  in  case  of  an  incipient  rotation  of  the 
wall  forward,  from  a  greater  pressure  on 
the  outer  toe  or  a  slight  unequal  compres¬ 
sion  of  the  foundation. 

It  remains  to  find  the  position  of  the  true 
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plane  of  rupture.  As  preliminary  to  this, 
we  note  from  Fig.  3  an  expeditious  way  of 
finding  the  direction  of  S  on  any  trial  plane 
of  rupture,  as  Al.  Thus  calling  w  the  angle 
that  Al  makes  with  the  vertical  AJ,  the 
straight  line  making  an  angle  o>) 

with  any  horizontal,  as  DC  I,  below  that 
horizontal,  is  parallel  to  /S',  since  any  line 
inclined  at  an  angle  w  below  the  horizontal 
is  perpendicular  to  Al ,  and  S  is  inclined  at 
an  angle  below  that  normal.  In  laying 
off  the  equal  angles,  it  is  convenient  to  use 
a  common  radius,  AH^  to  describe  the  arcs 
having  A  and  /  respectively  as  centres,  and 
to  take  chord  distances  of  the  arcs  (f)  and  co, 
and  lay  tliem  off  on  the  arc  with  7  as  a 
centre,  as  shown.  For  any  other  trial 
plane,  as  A2,  we  have  simply  to  lay  off  the 
corresponding  value  of  w  below  the  angle  (j> 
as  before. 

24.  We  shall  now  refer  to  Fig.  4,  to 
illustrate  the  general  method  to  follow  to 
find  the  earth-thrust  E  in  pounds.  Here 
the  wall,  one  foot  long  perpendicular  to  the 
plane  of  the  paper,  is  shown  in  section 
BACD^  the  earth  sloping  at  an  angle  from 
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some  point  on  the  top  of  the  wall  to  the 
point  marked  2,  where  it  is  horizontal. 
This  is  called  a  surcharged  wall,  the  earth 
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Ijing  above  the  horizontal  plane  of  the  top 
of  the  wall  being  called  the  surcharge. 

Extend  the  line  AC  of  the  inner  face  to 
0,  whei-e  it  intersects  the  top  slope  of  the 
earth ;  the  possible  prisms  of  rupture  are 
then  ^401,  ^102,  yl03,  .  .  .  ,  and  we  shall 
now  proceed  to  reduce  these  areas  to  equiv¬ 
alent  triangles  having  the  same  base  A2. 
Draw  the  parallels  00',  11',  33',  .  .  .  ,  to 
line  A’l  to  intersection  with  a  perpendicular 
to  A'2,  passing  through  the  point  2.  Then 
the  triangle  ^02  is  equivalent  to  the  triangle 
-40'2,  and  ^12  to  Al'2,  so  that  triangle 
^O'l'  is  equivalent  to  ^01.  Similarly  ^126 
is  equivalent  to  triangle  A2G'A,  having  the 
same  base,  A2,  and  vertices  in  a  line  parallel 
to  this  base,  giving  the  same  altitude.  Thus 
the  area  ^026^  is  replaced  by  ^0'6'^  ;  and 
the  weight  of  the  corresponding  prism,  if  we 
call  e  the  weight  per  cubic  foot  of  earth, 
is  ^A2  X  0'6'  X  e.  Similarly  the  weight  of 
^024  is  ^A2  X  0'4'  X  e ;  so  that  if  we  use 
O'l',  0'2,  0'3',  .  .  .  ,  to  represent  the  weights 
of  the  successive  prisms  ^01,  ^02,  ^03, 
.  .  .  ,  on  the  force  diagram  given  below, 
we  have  simply  to  multiply  the  value  of 
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given  by  construction,  by  ie,A2  to  find  its 
true  value  in  pounds. 

We  next  lay  off  the  successive  values  of 
((f>  w),  as  in  Fig.  3.  Thus,  with  any 

convenient  radius,  as  AO,  we  describe  an 
arc,  ogd/,  and  call  the  intersections  with 
Al,  A'2,  .  .  .  ,  ttp  ttg,  O3,  .  .  .  ,  respectively. 
Next,  through  point  g  on  the  arc  in  the 
vertical  through  A,  draw  vertical  and  hori¬ 
zontal  lines,  and  describe  an  arc,  hss^,  .  .  . 
with  the  same  radius  ;  then  draw  gs,  making 
the  angle  below  the  horizontal  gh  (by 
making  chord  hs  =  chord  fd) ,  and  lay  off 
with  dividers,  chords  ss^,  ss.,,  ss^,  .  .  .  , 
equal  to  chords  ga^,  ga^,  ga^,  ...  It  is 
evident  now  that  lines  gs^,  gs^,  .  .  .  , 
make  the  angles  cf)  with  the  normals  to  the 
successive  planes  ^11,  ^2,^13,  .  .  .  ,  and  thus 
give  the  direction  of  the  N’s  corresponding 
to  those  planes. 

We  now  lay  off  with  dividers  on  the 
vertical  line  gA  the  distances  gg^,  gg^,  .  .  . 
equal  respectively  to  OT',  0'2,  0'3',  .  .  .  , 
and  draw  through  the  points  g^,  g^,  g^, 
parallels  to  the  direction  of  E  (drawm  as 
before  explained)  to  intersection  with  the 


« 


43 


lines  ^£2,  ,  which  intersections 

call  Cp  C2,  Cg,  .  .  .  ,  respectively. 

25.  It  follows  that  the  lines  g.f^^ 
gTgCg,  .  .  .  ,  represent  the  thrusts  E  due  to 
the  successive  prisms  of  rupture  ^101,  ^02, 
.  .  .  ,  and  we  shall  now  prove  that  the 
greatest  of  these  lines,  which  is  found  to 
be  g^c^^  represents  the  actual  active  thrust 
upon  any  stable  wall.^  This  follows  from 
the  simple  fact,  that  if  we  regard  any 
other  thrust  than  the  maximum  as  the  true 
one,  on  combining  this  lesser  thrust,  taken 
as  acting  to  the  right,  with  the  weight  of 
the  wedge  of  rupture  corresponding  to  the 
maximum  thrust,  we  necessarily  find  that 
the  resultant  falls  below  the  position  first 
assumed  ;  so  that  it  makes  an  angle  with  the 
normal  to  the  corresponding  plane  of  rupture 
greater  than  the  angle  of  repose,  which,  by 
the  principle  of  Art.  21,  is  inconsistent  with 
stability.  Thus,  in  Fig.  4,  if  we  choose 
tc  assert  that  any  trial  thrust,  as  g.^c^^  less 
than  the  maximum  g^c^^  is  the  true  one,  on 


1  This  method  of  laying  off  the  trial  thrusts,  so  that  the 
maximum  could  readily  be  obtained,  was  first  given  by 
professor  Eddy,  in  New  Constructions  in  Graphical  Statics. 
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shortening  the  lengths  ^gCg,  •  •  •  9 

representing  superior  thrusts,  to  the  com¬ 
mon  length  ^2^21  drawing  through  the 
new  positions  of  Cg,  c^,  .  .  .  ,  straight  lines 
to  which  thus  represent  the  resultant 
thrusts  on  the  planes  ^3,  ^4,  .  .  .  ,  we  see 
that  the  new  directions  fall  below  the  first 
assumed  positions,  and  therefore  make 
angles  with  the  normals  to  the  planes 
greater  than  which  is  absolutely  incon¬ 
sistent  with  equilibrium.  It  follows  that 
any  thrust  less  than  the  maximum,  as 
determined  by  the  construction  above,  is 
impossible ;  and  that  this  maximum  thrust 
thus  found  is  the  actual  active  thrust  exerted 
against  the  wall.  In  this  consists  what  is 
known  as  Coulomb’s  “wedge  of  maximum 
thrust,”  which  is  here  established  by  aid  of 
the  single  mechanical  principle  enunciated 
in  Art.  21. 

The  prism  of  rupture  in  this  case  is 
-<4024^,  the  plane  A4  being  the  surface  of 
rupture. 

To  find  the  resultant  thrusts  on  all  the 
other  assumed  planes,  we  combine  the  actual 
thrust  found  with  the  weight  of  earth  lying 
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above  the  plane.  Thus,  extending  g^c^^ 
.  .  .  to  a  common  length  or  to  the 
vertical  tangent  to  the  dotted  curve,  the  lines 
drawn  from  g  through  the  corresponding 
intersections  with  this  vertical  will  represent 
the  thrusts  on  the  planes  Al^  ^2,  .  .  .  , 
which  are  thus  inclined  nearer  the  horizontal 
than  the  old  trial  values,  and  thus  make  less 
angles  than  4>  with  the  normals  to  their 
corresponding  planes  ;  so  that  the  conditions 
of  stability  are  all  satisfied,  and,  if  the  wall 
gives,  sliding  will  only  occur  down  the  plane 
of  rupture  AA.  , 

In  the  analytical  method  followed  by 
Weyrauch,  E  is  assumed  to  be  constant, 
and  to  equal  the  actual  thrust  on  the  wall ; 
and  the  real  surface  of  rupture  is  taken  to 
be  that  plane,  for  which  the  angle  that  S 
(Fig.  3)  makes  with  the  normal  is  the 
greatest  (cfi)  consistent  with  equilibrium, 
which  is  in  agreement  with  what  we  have 
just  proved 

Winkler  adopts  the  same  method,  in 
preference  to  the  Coulomb  method.  In 
fact,  he  asserts  that  “no  author,  from 
Coulomb  down,  has  given  any  direct  satis- 
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factory  proof  of  Coulomb’s  principle.”  It 
is  hoped  that  the  above  demonstration 
will  prove  complete  and  satisfactoiy.  The 
method  evidently  gives  the  least  thrust,  for 
the  assumed  direction  of  that  will  keep 
the  mass  from  sliding  down  the  surface  of 
rupture. 

The  earth  can  resist  a  much  greater 
pressure  from  the  wall  side,  since  a  con¬ 
tinuously  increasing  pressure  from  the  left 
causes  all  the  resultants  on  planes  ^11,  ^42, 
.  .  .  to  approach  the  normals,  then  to  pass 
them,  and  finally  to  lie  above  them,  with 
the  sole  condition  that  none  of  them  must 
make  angles  greater  than  with  their 
corresponding  normals  (see  Art.  34). 

26.  To  find  the  thrust  E  in  pounds^  we 
multiply  g^c^  to  scale  by  ^A'l.e.  Finally, 
if  we  know  the  position  of  E^  we  combine 
it  with  the  weight  of  the  wall  in  pounds, 
acting  along  the  vertical  through  its  centre 
of  gravity,  to  get  the  resultant  on  the  base. 
If  the  upper  surface  of  the  earth  is  level, 
or  with  a  uniform  slope  from  the  point  0 
(Fig.  4),  then  the  sections  of  the  prisms  of 
rupture  for  various  heights  of  the  wall,  or 
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for  any  values  of  ^40,  are  similar  triangles, 
60  that  the  thrusts  which  vary  directly 
with  the  weight  of  the  corresponding  prisms, 
will  also  vary  directly  as  the  areas  of  these 
triangles,  or  as  the  squares  of  the  homologous 
lines  ^0,  or  as  the  squares  of  the  height  of 
point  0  from  the  base  AB.  It  follows,  as 
in  the  case  of  water-pressure,  that  for  these 
cases  the  resultant  E  of  the  earth-thrust 
acting  along  the  face  ^0  is  found  at  a 
point  ^^0  along  ^0  from  the  base  AB. 

For  the  surcharged  wall  it  is  possibly 
higher ;  in  fact,  Scheffler  takes  it  in  con¬ 
structing  his  tables,  for  all  cases,  at  jqAO 
along  ^0.  But  experiment  indicates  either 
that  the  thrust  is  overestimated  for  sur¬ 
charged  walls,  or  that  it  acts  not  higher 
than  at  one-third  the  heigrht  of  0  above  the 
bash  ;  so  that  it  will  prove  safe  in  practice 
to  take  the  latter  limit  if  we  use  the 
theoretical  thrust.  As  to  the  latter,  it  is 
evident  that  cohesion  (which  we  have 
neglected)  has  a  greater  area  to  act  upon 
along  the  surface  of  rupture  for  any  kind 
of  surcharged  wall,  than  for  earth  either 
level  or  sloping  down  from  the  top  of  the- 
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wall ;  so  that  we  should  expect  the  thrust  to 
be  somewhat  overestimated  when  we  neglect 
cohesion  altogether,  since  the  resistance  to 
sliding  down  any  plane  due  to  it  is  directly 
as  the  area  of  the  surface  of  separation. 

27.  In  case  the  earth  is  level  with  the 
top  of  the  wall,  the  construction  of  Fig.  4 
again  applies,  only  the  line  now  coincides 
with  the  horizontal  through  (7,  and  the 
reduction  of  areas  to  equivalent  triangles 
is  omitted,  since  now  all  the  triangles  have 
the  same  altitude,  equal  to  the  height  of  the 
wall. 

If,  however,  the  earth  slopes  uniformly 
from  the  top  of  the  wall,  at  a  less  angle 
than  the  angle  of  repose,  we  can  assume 
any  point  as  2,  on  this  slope,  and  effect  the 
construction  of  Fig.  4  as  before ;  or,  better, 
we  can  divide  this  slope  into  a  number  of 
parts  at  1,  2,  ...  ,  and  treat  01,  02,  .  .  .  , 
successively  as  the  bases  and  the  perpen¬ 
dicular  from  A  upon  02,  produced  as  the 
common  altitude;  so  that,  using  01,  02, 
.  .  .  ,  as  representing  tlie  weights  of  the 
corresponding  prisms  on  the.  load  line  gg^ 
we  have  finally  to  multiply  the  value  of  gc^ 
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corresponding  to  the  greatest  thrust,  by 
multiplied  by  this  perpendicular,  to  get 
the  maximum  thrust  E  in  pounds. 

In  case  the  surface  of  the  earth  slopes 
indefinitely  at  the  angle  of  repose^  the 
graphical  method  fails  to  find  the  surface 
of  rupture,  which  analysis  shows,  in  this 
case,  to  approach  indefinitely  to  the  plane 
of  natural  slope  passing  through  the  point 
-4,  though  practically  it  may  be  shown  that 
planes  of  rupture  slightly  above  the  latter 
will  give  almost  identically  the  same  earth- 
.  thrust,  so  that  they  can  safely  be  used.  In 
fact,  it  is  well  to  state  here,  that,  for  earth- 
level  at  top,  the  surface  of  rupture,  as 
observed  in  experiments  with  every  kind  of 
backing,  agrees  very  well  with  theory  ;  but, 
as  the  surcharge  grows  higher,  the  actual 
surface  of  rupture  lies  nearer  the  vertical 
than  the  theoretical,  and  the  thrust  .is 
correspondingly  less,  particularly  for  walls 
leaning  backwards  at  top,  which,  for  a  high 
surcharge,  actually  receive  much  less  thrust 
than  the  simple  theory  after  Coulomb’s 
hypothesis,  neglecting  cohesion,  calls  for; 
^•nd  it  is  not  surprising  that  it  is  so.  But 


50 


we  shall  defer  the  comparison  of  numerical 
results  till  later. 

28.  Case  ivliere  E  does  not  make  the  angle 
<f)  or  (f)  with  the  normal  to  the  ivall. 

In  Fig.  5,  let  AC  represent  the  inner  face 
of  the  wall,  backed  by  earth  sloping  upwards 
from  C  in  the  direction  (7—10.  There 
are  certain  positions  for  the  loall  AC  lying 
to  the  left  of  the  vertical  Ag^  for  ivhich  the 
true  thrust  on  it  is  found  by  ascertaining 
the  thrust  on  the  vertical  p)lane  Ai)^  extending 
from  the  foot  of  the  icall  A  to  where  it 
intersects  the  top  slope  C  —  10,  having 
assumed  the  direction  of  the  thrust  on  JIO, 
after  Eankine,  as  parcdlel  to  the  top  slope, 
and  combining  this  thrust,  acting  at  ^AO 
above  A,  loith  the  weight  of  the  mass  of 
earth,  AOC,  lying  beticeen  ^0  and  AC, 
acting  cdong  the  vertical  through  its  centre 
of  gravity.  The  thrust  on  AO  is  thus 
combined  with  the  weight  of  AOC,  at  a 
point  on  AC,  one-third  of  its  length  going 
from  A  to  C. 

This  direction  of  the  thrust  on  ^0  par¬ 
allel  to  the  top  slope  is  in  agreement  with 
Rankine’s  principle  for  the  case  of  an 
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unlimited  mass  of  earth  of  the  same  depth 
everywhere,  on  an  uniformly  compressible 
foundation  (Art.  9),  and  doubtless  agrees 
very  nearly  with  the  direction  and  amount 
of  the  earth- thrust  in  ordinary  cases,  except 
•near  comparatively  rigid  retaining-walls,  or 
other  bodies,  where  the  direction  is  generally 
changed,  as  previously  pointed  out.  Let 
us  ascertain  the  limiting  position  of  A (7, 
below  which  the  true  thrust  must  be  ascer¬ 
tained  in  the  manner  just  stated.  To  do 
this,  we  first  assume  the  thrust  on  AO  as 
acting  parallel  to  the  top  slope,  and  find 
its  intensity  corresponding  by  previous 
methods  ;  and  afterwards  prove,  for  positions 
of  AC  below  the  limit,  to  be  found  b}^ 
construction,  that  no  thrust  on  ^40  having 
a  less  inclination  to  the  vertical  is  consistent 
with  equilibrium. 

The  construction  necessary  to  find  the 
thrust  on  AO,  from  the  earth  on  the  right, 
is  similar  to  that  given  for  Fig.  4,  except 
that  the  top  slope  is  now  uniform,  and  will 
only  be  briefiy  indicated.  Thus,  divide  the 
top  slope  0  —  10,  to  the  right  of  Ag,  into  a 
number  of  parts,  made  equal  for  convenience, 
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and  draw  through  the  points  of  division  lines 
from  A  produced  on  to  meet  the  arc  described 
with  Ag  as  a  radius  at  the  points  a^,  .  .  . 

Then  with  ^as  a  centre,  and  gA  as  a  radius, 
describe  a  semicircle  as  shown  ;  also  draw 
gb  horizontal,  and  lay  off  arc  bs  equal  to  0, 
the  angle  of  repose,  and  from  s  lay  off  arcs 
sSj,  ss.^,  .  .  .  ,  equal  to  ga^,  and  draw 
the  Hues  gs^,  gs^,  •  .  .  ,  from  g  through 
the  extremities  of  these  arcs  to  represent  the 
directions  of  the  resultants  on  the  successive 
planes  of  rupture,  which  are  thus  inclined 
below  the  normals  to  those  planes  at  the 
angle  cf)  respectively.  Next,  on  the  vertical 
gA,  lay  off  gg^^  gg^,  .  .  .  ,  equal  to  the  bases 
01,  02,  of  the  supposed  prisms  of  rupture 
lying  to  the  right  of  and  through  their 
extremities  draw  g^V,  g.^\  •  •  •  ?  parallel 
to  top  slope  to  intersection  1',  2',  .  .  .  . 
with  the  directions  of  the  resultants  firs' 
found.  The  greatest  of  these  lines  cc'’,  to 
scale,  represents  the  actual  thrust  ou  ^10  ; 
and  we  have  only  to  multiply  it  by 
where  p  is  the  perpendicular  let  fall  from 
A  on  the  top  slope  0—10  produced,  to  scale, 
to  get  the  pressure  in  pounds,  if  desired. 
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Now,  if  the  direction  of  the  pressure  on  the 
wall  AC  cannot  be  taken  as  usual,  inclined 
below  the  normal  to  AC^  at  an  angle  (/), 
it  is  (Art.  7)  because,  in  case  of  motion, 
the  earth  does  not  rub  against  the  wall 
sufficiently  to  develop  the  required  friction, 
whence  it  must  follow  that  the  earth  breaks 
along  some  plane  as  A.4,  A5,  .  .  .  ,  to  the 
left  of  Ag^  where  the  thrust  is  inclined  at 
the  angle  ^  to  its  normal ;  so  that  this  plane 
is  a  veritable  plane  of  rupture^  and  its 
position  can  be  found  as  usual  on  assuming 
the  direction  of  the  thrust  on  AO  as  parallel 
to  the  top  slope. 

In  case  such  a  plane  exists  between  AO 
and  AC^  the  earth  below  it,  if  the  wall 
moves,  will  go  with  the  wall ;  further,  it  is 
evident  that  the  thrust  against  the  vertical 
plane  AO,  due  to  the  wedge  of  rupture  on 
the  left,  must  exactly  equal  the  thrust  first 
found  corresponding  to  the  wedge  of  rupture 
on  the  right,  otherwise  equilibrium  will  be 
impossible. 

To  ascertain  the  position  of  this  plane  of 
rupture  on  the  left,  that  we  shall  hereafter 
call  the  limiting  plane^  most  accurately,  it 
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is  well  to  magnify  the  lines  representing  the 
forces  as  much  as  the  limits  of  the  drawing 
will  admit  of.  We  have  consequently 
divided  the  top  surface,  OC’,  into  a  number  of 
equal  parts,  of  which  the  first  eight  are  only 
one-fourth  the  length  of  the  corresponding 
parts  to  the  right  of  ^40.  By  la^ung  off  the 
loads  gg^^  •  •  •  ?  however,  to  a  scale 
four  times  as  large  as  just  used,  we  have 
the  lengths  gg^^  gg.^^  •  •  •  ?  exactly  four 
times  the  lengths  01,  02,  .  .  .  ,  along  the 
surface  to  the  left  of  0,  so  that  the  old 
•  lettering  applies  again. 

We  now  produce  the  lines  A\^  •  •  •  ? 

to  intersection  Wj,  •  •  •  ?  with  the  arc  gn 
(it  is  obvious  that  the  top  slope,  0(7,  should 
best  be  drawn,  in  the  first  instance,  through 
for  accurately  fixing  the  positions  of 
.  .  .)  ;  then  lay  off,  below  the  horizontal, 
the  angle  dgm  —  cf> ;  and  from  m,  the  inter¬ 
section  of  gm  with  the  semicircle  dAb,  lay 
off  the  arcs  mm^,  ,  equal  to 

gn^^  .  .  .  :  so  that  the  lines  gm^^  g'mg, 
.  .  .  ,  all  make  angles  equal  to  cfj  with  the 
normals  to  the  corresponding  planes  Al^ 
A2 


)  •  •  • 
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Next,  on  drawing  through  , 

lines  parallel  to  the  assumed  direction  of 
the  thrust  on  ^0,  to  intersection  with  the 
corresponding  lines  gm^^  g'tn^,  •  •  •  ?  the 
greatest  of  the  intercepts  (g^t^  nearly) 
represents,  to  the  scale  of  loads,  the  thrust 
on  the  plane  ^40  ;  and  this  length  should 
exactly  equal  four  times  the  length  ^ 
representing  the  thrust  from  the  right,  as 
we  find  to  be  the  case.  The  plane  of 
rupture  to  the  left  of  the  vertical  through 
A  thus  coincides  nearly  with  A5,  which  is 
marked  “limit”  on  the  drawing.  [On  a 
larger  drawing,  for  (/>  =  33°  42'  and  the  top 
sloping  at  25°,  the  limiting  plane  was  found 
to  make  an  angle  of  15°  to  16°  (see  a  more 
accurate  determination  in  Art.  41)  to  the 
left  of  the  vertical  Ag,  and  to  lie  slightly 
below  A5,  as  this  drawing  would  indicate.] 
If  we  lay  off  along  the  lines  parallel  to 
top  slope,  through  <7^,  g.^^  •  •  •  5  tbe  true 
thrusts,  (7 ‘2^2^  *  *  •  ?  *  •  *  ?  the 

directions  of  gt^,  gt.^^  •  •  •  1  gi^^  .  .  .  ,  of 

the  true  thrusts  on  the  planes  Al,  ^12, 

.  .  .  ,  A7,  .  .  .  ,  all  necessaril}^  lie  above 

the  first  assumed  directions ;  so  that  the 
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actual  thrusts  on  all  planes  other  than  A5 
(which  we  shall  regard  as  the  plane  of 
rupture,  for  convenience),  lying  above  or 
below  Ad,  make  less  angles  with  the 
normals  to  those  planes  than  the  angle  of 
friction,  just  as  we  found  in  Art.  25. 

The  conditions  of  stability  of  Art.  21  are 
thus  satisfied  in  the  present  case ;  but  it  is 
evident  that  this  is  no  longer  so  if  we  lower 
the  direction  of  the  thrust  on  ^0,  which 
lessens  the  horizontal  component  of  the 
thrust  from  the  right,  since  intersections 
like  6',  7',  in  the  right  diagram  move  towards 
the  vertical  A(/,  though  the  reverse  obtains 
for  the  diagram  to  the  left,  which  of  itself 
indicates  some  absurdity.  If,  now,  we 
combine  the  new  thrust  on  AO  from  the 
right  (which  has  a  less  horizontal  compo¬ 
nent  than  before)  with  the  wedges  of  earth 
lying  to  the  left  of  AO,  it  is  readily  seen 
that  the  directions  of  some  of  the  resultants, 
as  .  .  .  ,  will  fall  below  their  first 
positions,  and  will  thus  make  greater  angles 
with  the  normals  to  their  planes  than  the 
laws  of  stability  will  admit  of  ;  so  that  any 
lowering  of  the  first  assumed  position, 


parallel  to  the  top  slope,  of  the  thrust  on 
^0,  is  impossible. 

We  thus  reduce  to  an  absurdity  every 
other  case  but  the  one  assumed,  wliich  is 
therefore  true ;  so  that  the  proposition 
enunciated  at  the  beginning  of  this  article 
is  demonstrated. 

We  see,  therefore,  that  we  cannot,  as 
before,  assume  the  direction  of  the  thrust 
on  the  wall,  AU^  as  having  the  direction 
making  the  angle  with  the  normal 
to  AC\  and  find  the  wedge  of  maximum 
thrust  corresponding ;  but  that  its  true 
direction,  is  found  by  combining  the 
thrust  found  on  ^10,  acting  parallel  to  top 
slope,  with  the  weight  of  the  wedge  of 
earth,  0^(7,  between  the  wall  and  the 
vertical  plane  AO ;  otherwise,  if  the  left 
diagram  is  constructed,  we  find  its  direction 
and  amount  in  a  similar  manner  to  that 
used  in  finding  the  direction,  etc.,  of 
.  .  .  ,  by  lajdng  off  on  gA  (produced  if 
necessary)  OC  X  4  ;  from  the  end  of  this 
line  we  draw  a  parallel  to  the  top  slope  0^ 
to  intersection  with  the  vertical  through 
The  line  ^  to  the  last  scale  used  mul- 
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tiplied  by  ^ep  (where  p  is  the  perpendicular 
from  A  on  0(7  to  the  scale  used  in  laying  off 
QC)  gives  the  thrust  E  against  the  wall  in 
pounds.  It  is  laid  off  in  position  by  drawing 
a  line  parallel  to  gt^  through  a  point  on  AU^ 
^AC  above  A^  as  previously  enunciated. 

29  ((/)'<  4,).  In  case  this  construction 
gives  a  thrust  on  the  wall  which  makes  a 
greater  angle  with  its  normal  than  the 
co-efficient  of  friction,  of  wall  on  earth, 
(j)'  being  less  than  (^,  then  it  is  correct  to 
assume  the  direction  of  E  as  making  this 
angle  with  the  normal,  and  proceed  as  in 
Fig.  4  to  find  the  thrust.  In  the  preceding 
article,  no  trial- thrust  on  the  vertical  plane 
^0  was  assumed  to  lie  nearer  the  horizontal 
than  the  top  slope,  as  there  was  no  reason 
for  considering  such  exceptions  to  the  usual 
direction  in  a  mass  of  unlimited  extent. 
Now,  however,  the  wall  requires  the  thrust 
on  AO  to  lie  nearer  the  horizontal  than  OU 
does,  in  which  case  the  horizontal  component 
will  be  increased  (since  intersections  like 
7',  8',  move  away  from  the  vertical  Ag)^ 
and  the  thrusts  on  all  planes  A\^  A2^  •  •  •  ? 
lying  to  the  left  of  Ag^  will  be  raised  above 
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their  previous  positions,  gf^,  .  .  .  ;  so 
that  the  thrusts  on  all  the  plniies  now 
make  less  angles  than  0  with  the  normals 
to  those  planes,  so  that  the  conditions 
for  stability  of  ‘‘the  granular  mass ”  are 
assured. 

30.  The  “limiting  plane,”  corresponding 
to  the  plane  of  rupture  on  the  left,  can  be 
found  by  a  different  construction  from  that 
given  above.  Thus,  having  found  the  line 
^  representing  the  maximum  thrust  from 
the  earth  to  the  right  of  ^0,  multiply  by  4, 
say,  and  combine  with  the  successive  wedges 
of  earth  lying  to  the  left  of  AO,  on  magni¬ 
fying  the  lines  01,  02,  .  .  .  ,  in  the  same 
proportion,  thus  giving  the  lines  gt^,  gt^, 
.  .  .  ,  for  the  direction  of  the  thrusts  on 
the  planes  ^1,  ^2,  .  .  .  ;  these  all  lie  above 
the  directions  gin^,  gm^,  .  .  .  ,  making  the 
angles  0  with  the  normals  to  the  planes, 
except  for  the  limiting  plane,  where  gt^  and; 
gm^  nearly  coincide,  as  they  should  exactly 
if  Ab  was  the  limiting  plane.  The  lowest 
relative  position  of  gt  with  respect  to  giii  is, 
of  course,  the  one  selected.  It  is  evident, 
though,  that  the  construction  for  the  wedgo 


60 


of  greatest  thrust  to  the  left  of  Ag  gives 
a  more  accurate  evaluation  of  the  thrust 
than  the  one  to  the  right ;  so  that  we  can 
preferably  use  the  left  construction  not 
only  for  getting  the  limiting  plane,  but  for 
finding  the  thrust  on  any  wall  lying  below 
the  limiting  plane. 

It  is  evident,  from  what  precedes,  that 
the  double  construction  of  Art.  28  applies 
only  when  the  thrust  on  AO  is  parallel  to 
the  top  slope  ;  for  the  moment  it  is  lowered, 
there  results  several  planes  of  rupture  to 
the  left  of  AO,  which  is  impossible.  Even 
if  we  attempt  the  left  construction,  we  have 
seen  besides  that  the  resulting  thrust  on  AO 
is  greater  than  by  the  construction  on  the 
right. 

In  case  the  face  of  the  wall,  AC,  lic^s 
above  the  “limiting  plane,”  as  found 
before,  we  evaluate  the  thrust  on  it,  as  in 
Fig.  4,  by  assuming  its  direction  to  make 
an  angle  with  the  normal  equal  to  or  to 
when  <!>'  <  (j).  Thus,  if  the  inner  face  of 
the  wall  had  the  position  A2,  to  the  left  of 
AO,  the  direction  of  the  thrust  on  it  would 
now  be  in  place  of  gt^  as  before,  ami 
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the  conditions  of  stability  of  the  granular 
mass  will  be  found  to  be  everywhere  verified' 
as  in  Fig.  4  (see  Art.  25). 

31.  Summari/.  —  For  all  cases  of  top 
slope,  when  the  inner  face  of  the  wall  is- 
battered,  we  first  find  the  limiting  plane  by 
the  construction  of  Art.  28  ;  then  when  the 
inner  face  of  the  wall  makes  a  less  angle 
with  the  vertical  than  the  limiting  plane  does 
(as  is  nearly  always  the  case  in  practice, 
unless  the  surface  of  the  earth  slopes  at  or 
near  the  angle  of  repose,  in  which  case  the 
limiting  plane  is  at  or  very  near  the  vertical), 
we  assume  the  direction  of  the  thrust  on  it 
as  making  the  angle  (f)  or  cj)'  (for  cf)'  <  </>)  with 
the  normal,  and  proceed  as  in  Art.  23,  et 
seq. ;  but,  if  the  face  of  the  wall  lies  below 
the  limiting  plane,  we  proceed  as  in  Art.  28, 
or  if  (f)'  <  (f)  we  may  have  to  proceed  as  in 
Art.  29,  to  find  the  true  thrust. 

If  the  wall  leans  backward,  there  is  no 
need  to  find  the  limiting  plane,  as  the  usual 
construction  applies. 

For  earth  level  at  top,  the  limiting  plane 
is  inclined  to  the  left  of  the  vertical  equally 
with  the  plane  of  rupture  to  the  right ;  as 
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the  top  slope  increases,  it) approaches  the 
vertical,  and  coincides  with  it  for  the  surface 
sloping  at  the  angle  of  repose. 

Remark.  —  It  is  found  from  the  con¬ 
struction  to  the  right  of  Ag.,  in  Fig.  5,  for 
planes  of  rupture  lying  7°  to  14°  above 
the  one  corresponding  to  the  greatest  thrust, 
that  the  thrust  is  less  only  by  from  6  to  16 
per  cent,  though  it  more  rapidly  diminishes 
as  the  assumed  plane  of  rupture  nears  the 
vertical.  It  must  not  be  inferred,  then, 
particularly  for  steep  surface  slopes,  that 
a  considerable  divergence  between  the 
theoretical  and  actual  surfaces  of  rupture 
will  invalidate  the  theory,  if  the  object  is 
simply  to  get  the  thrust  within  a  few  per 
cent  of  the  truth,  particularly  as  the  theory 
neglects  cohesion.  In  fact,  for  a  surface 
slope  equal  to  the  angle  of  repose,  the  plane 
of  rupture  is  parallel  to  the  surface  ;  but  a 
plane  lying  much  nearer  the  vertical  will 
give  nearly  the  same  thrust. 

f 

32.  In  this  connection,  it  may  be  well  to  describe 
an  experiment  made  by  Lieut.-Col.  Aude  in  1848, 
and  repeated  subsequently  by  Gen.  Ardant,  M. 
Curie,  and  M.  Gobin,  on  a  peculiar  retaining-wall 
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made  of  a  triangular  block  or  frame,  in  which 
the  inner  face  was  inclined  to  the  horizontal  at  the 
angle  of  repose  of  the  sand  backing,  when,  of 
course,  by  the  usual  assumption  as  to  E  making 
an  angle  of  (p  with  the  normal  to  the  wall,  the 
direction  of  E  would  be  vertical,  and  there  should 
be  no  horizontal  thrust!  This  seemed,  to  the 
French  experimenters,  to  offer  a  puzzling  objection 
to  theory;  but  the  solution  is  clearly  as  indicated 
in  Art.  28  (see  Art.  67,  Exps.  9  and  10).  Scheffler 
indicated  the  correct  solution  as  far  back  as  1857, 
but  gave  the  wrong  reason  for  it;  viz.,  that  the 
horizontal  thrust  w’as  thereby  greater. 

The  writer,  in  “Van  Nostrand’s  Magazine  ”  for 
February,  1882  (p.  99),  pointed  out  that  any  other 
solution  than  that  indicated  in  Art.  28  was 
inconsistent  with  the  stability  of  a  granular  mass, 
and  the  computations  upon  that  basis  agreed  very 
closely  with  the  experiments.  Later  M.  Boussinesq 
has  developed  the  theory  of  the  limiting  plane  in 
connection  with  the  attempt  to  complete  the 
Rankine  theory,  by  considering  the  influence  of 
the  wall  on  the  pressures  even  to  a  finite  distance 
from  it.  According  to  Flamant,  he  defines  two 
limits  to  the  thrust,  and  considers  the  most  probable 
value  the  smaller  of  these  limits  augmented  by 
^2-  of  their  difference.  From  an  examination 
of  the  numerical  values  computed  by  Flamant 
(“Annales  des  Fonts  et  Chausses,”  April,  1885), 
the  results  do  not  differ  greatly  from  those  given 
by  the  simple  theory  alone  used  in  this  work. 
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33.  The  disturbing  influence  of  the  wall  ii^ 
changing  the  normal  character  of  the  stresses  can 
be  illustrated  as  follows:  If  the  thrust  on  the 
vertical  plane  AQ  (Fig.  5)  acts  parallel  to  the 
surface  0  —  10,  it  meets  the  plane  of  rupture  at 
one-third  of  its  length  above  A,  through  which 
point  the  weight  of  the  prism  of  rupture  acts 
also;  so  that  the  resultant  on  this  plane  acts  at 
this  point,  which  corresponds  to  a  pressure  on 
the  plane  of  rupture  uniformly  increasing  from  the 
surface  downwards.  If,  however,  the  wall  causes 

C  J0§§  ) 

the  thrust  on  ^  to  make  a  <  (  angle  with 
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point  situated  at  one-third  of  the  length  of  the 
plane  above  A,  so  that  the  pressures  on  it  are  no 
longer  uniformly  increasing.  This  abnormal  state, 
doubtless,  does  not  extend  far  into  the  mass  before 
the  usual  direction  of  the  thrust  in  a  large  mass  of 
earth  is  attained ;  but  the  fact  throws  doubt  upon 
the  assumption  of  a  lAane  surface  of  rupture  for 
all  cases  where  the  direction  of  the  thrust  on  the 
vertical  plane  does  not  act  parallel  to  the  upper 
surface. 

It  appears  reasonable  to  suppose,  if  the  line 
through  the  centres  of  pressure  on  all  sections 
of  a  retaining-wall  passes  through  their  centres 
of  gravity,  that  no  rotation  of  the  wall  occurs; 
further,  if  it  was  possible  for  the  masonry  and 
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earth  or  rock  backing  to  settle  together  the  same 
amount,  —  the  backing,  say,  having  been  carefully 
deposited  in  horizontal  layers, — then,  even  fora 
level-topped  bank,  the  maximum  thrust,  as  given 
by  Rankine’s  formula,  will  be  exerted,  and  there 
will  be  no  friction  at  the  back  of  the  wall  to  change 
the  usual  direction  of  the  earth-thrust  in  a  large 
bank.  If  the  wall  has  not  the  stability,  or  the 
settling  is  not  as  assumed,  the  top  will  move  over, 
friction  at  the  back  of  the  wall  is  exerted,  and  the 
horizontal  thrust  becomes  smaller  than  before, 
corresponding  to  a  different  prism  of  thrust,  as 
we  ascertain  by  the  construction  of  Fig.  4,  for 
the  two  cases  of  E  horizontal  and  E  inclined 
downwards.  The  excess  of  the  horizontal  thrust 
in  one  case  over  that  in  the  other  must  necessarily 
be  resisted  by  the  ground-surface,  on  which  the 
filling  rests  by  friction,  which  it  is  genera'lly 
capable  of  doing.  If  not,  then  the  Rankine 
thrust  will  be  exerted.  Similarly,  if  we  consider 
any  road  embankment,  whose  sides  slope  at  the 
angle  of  repose,  the  horizontal  thrust  on  some 
longitudinal  plane  in  the  interior  must  be  finally 
resisted  by  the  ground  to  one  side  under  the 
embankment.  If,  however,  the  weight  of  earth 
above,  multiplied  by  the  co-efficient  of  friction  of 
earth  on  ground-surface,  is  less  than  the  horizontal 
thrust,  the  earth  must  slide,  and  the  slope  become 
flatter,  until  equilibrium  obtains  from  a  less 
horizontal  thrust.  Scheffier  computes  for  an 
embankment  of  triangular  section  where  f  =  45°, 


( 


66 


and  the  angle  of  friction  on  the  ground-surface  is 
only  5°,  that  the  slope  of  the  embankment  would 
change  to  32°  15'.  For  the  ground-friction  angle 
=  7°  7'  20"  there  would  be  exact  equilibrium;  so 
that,  generally,  there  need  be  no  fear  from  spreading 
of  embankments  due  to  this  cause,  as  the  amount 
of  friction  required  is  very  small. 

34.  We  have  now  given  methods  for 
finding  the  thrust  against  a  retaining- wall, 
which  simply  resists  this  active  thrust  of  the 
earth,  for  the  usual  cases  of  a  surcharged 
wall  and  earth-level  at  the  top,  to  which 
may  be  added  the  case  of  earth  sloping 
downwards  from  the  top  of  the  wall  to  the 
rear,  for  which  the  construction  is  evident. 
It  now  remains  to  find  the  imssive  resistance 
of  the  earth  to  sliding  iij)  some  inclined  'plane 
due  to  an  active  thrust  of  the  icall  from  left 
to  right  (Fig.  4),  caused  by  w^ater,  earth, 
or  any  other  agency  acting  against  the  wall 
on  the  left.  Now  (Art.  22)  we  lay  off  the 
angle  hgs  (Fig.  4)  above  6^,  and  then,  from 
the  new  position  of  .s*.  lay  off  arcs  sSg, 
.  .  .  ,  below  s  equal  to  r/rq,  ga^^  .  .  .  ,  as 
before,  giving  the  direction  of  gs.^^  •  •  •  » 
inclined  at  angle  ft  above  the  normal  to  the 
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corresponding  planes  Al,  A2,  .  .  .  The 
construction  then  proceeds  as  before,  only 
it  is  now  the  least  of  the  resistances,  pc,  that 
represents  the  ijassive  resistance  of  the 
earth  to  sliding  up  the  plane  of  rupture 
corresponding  ;  for  any  increase  over  this 
causes  the  thrust  on  some  planes  to  make 
greater  angles  than  with  the  normals,  as 
is  easily  shown.  Let  us  call  N  the  com¬ 
ponent  normal  to  AC  of  the  resistance  and 
suppose  a  slight  movement  of  the  wall  hori¬ 
zontally  to  the  right;  then  since  the  earth 
moves  upwards  along  the  plane  of  rupture 
and  the  plane  AC,  the  friction  of  the  earth 
along  AC,  N  tan  acts  upwards  and  the 
resistance  of  the  wall  do wm wards. 

The  thrust  E  is  now  inclined  at  the  angle 
^  above  the  normal  to  AC  and  not  below  as 
formerly.  The  active  thrust  is  of  course  the 
only  one  exerted,  unless  the  wall  tends  to  slide, 
so  that  the  consideration  of  the  passive  resist¬ 
ance  is  of  small  practical  value.  In  case  of  a 
heavy  structure  resting  on  a  foundation,  we 
can  replace  the  total  weight  by  that  of  earth, 
and  estimate  the  acti\"e  thrust  exerted  egainst 
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a  vertical  plane  just  below  the  foundation, 
for  the  full  weight  of  the  supposed  earth, 
by  the  method  to  be  given  in  the  next 
article.  The  earth  to  one  side  of  this 
vertical  plane  can  be  conceived  to  exert  a 
passive  thrust,  w^hich  may  be  estimated  as 
explained,  and  should  exceed  the  active 
thrust  for  a  stable  foundation.  This 
method,  though,  of  estimating  the  stability 
of  a  foundation,  while  doubtless  on  the 
safe  side,  is  otherwise  illusory,  as  any  one 
who  has  seen  a  heav}-  locomotive  move  at 
great  speed  along  a  narrow  embankment 
must  admit.  The  mass,  by  its  friction, 
rapidly  and  safely  transmits  and  distributes 
the  weight  over  the  ground,  without  exerting 
any  horizontal  thrust  at  the  side  slopes, 
which  are  perfectly  stable. 

35.  Underground  Pressures.  —  To  find 
the  unit  pressure  at  a  depth  x  below  the 
surface  of  a  large  mass  of  earth,  level  at 
top,  of  indefinite  extent,  and  resting  upon 
a  uniformly  compressible  foundation,  every" 
where  at  the  same  depth  (see  Art.  9),  we 
proceed  as  follows  :  Let  Fig.  6  represent  a 
slice  of  the  earth  contained  between  two 
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vertical  planes  one  unit  apart,  and  bounded 
on  one  side  by  the  horizontal  plane  0(7,  at 
a  depth  x  below  the  surface,  on  the  left 
by  the  vertical  plane  ^10,  whose  depth  is 


Ax,  and  below  by  the  plane  AC  \  the 
planes  ^10,  0(7,  and  AIJ  being  supposed 
perpendicular  to  the  plane  of  the  paper. 
Let  the  length  M  =  Ax,  and  the  length 
be  =  71.  Ax.  The  plane  AXJ  will  be  con- 


70 


sidered  to  take  successively  the  positions 
Al<,  A2,  •  •  •  ;  so  that  if  we  divide 
^0  =  Ao;  into  ten  equal  parts,  as  shown, 
and  lay  off  similar  ecpial  parts  along  OC, 
as  AC  varies  in  position,  n  will  take  the 
successive  values  0.1,  0.2,  .  .  .  Calling 
e  the  weight  per  cubic  foot  of  earth,  the 
weiglit  of  the  prism  of  eartli  resting  verti¬ 
cally  over  0(7  is  represented  generally  by 
e.x.n.  A.t,  which,  being  directly  proportional 
to  w,  we  can  lay  off  on  the  vertical  OA  the 
lengths  01,  02,  .  .  .  ,  to  represent  the  suc¬ 
cessive  values  of  n,  or  the  vertical  loads 
sustained  by  the  horizontal  bases  01,  02, 
.  .  .  ,  of  the  successive  prisms  considered. 
When  the  length  Ax  is  very  small,  we  can 
neglect  the  weight  of  the  small  prism  of 
thrust,  xl0(7,  in  comparison  with  the  weight 
of  the  vertical  prism  above  it,  without 
appreciable  error,  and  ultimately  find  the 
position  of  the  plane  AC\  which  gives  the 
true  thrust  against  ^0,  by  previous  methods. 

Thus,  draw  the  quadrants  shown  with  A 
and  0  as  centres,  and  ^0  as  a  radius  ;  note 
the  intersections  a^,  a^’,  .  .  .  ,  of  the  lines 
-41,  A2^  •  •  •  ?  with  the  arc  01)',  next. 
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construct  angle  Cos  =  the  angle  of 
repose  of  the  earth,  and  arcs  ss^  =  Oa,, 
ss^  =  Oa.^,  .  .  .  ;  so  that  each  of  the  lines 
Osj,  0^21  •  •  •  ?  next  drawn,  make  the  angle 
<j)  with  the  normals  to  the  corresponding 
planes  A\^  A2^  •  •  •  ?  find  thus  represent 
the  direction  of  the  resistances  offered  by 
these  planes  in  turn  regarded  as  planes  of 
rupture.  On  drawing  horizontals  through 
the  points  of  division  1,2,.  .  .  ,  on  AO  to 
intersection  1",  2",  .  .  .  ,  with  the  cor¬ 
responding  directions  OSj,  0^2,  .  .  .  ,  we 
note,  that,  if  the  thrust  on  AO  is  taken  as 
horizontal  (Art.  9),  the  lines  11",  22", 
.  .  .  ,  represent  the  horizontal  thrusts 
caused  by  the  weights  resting  on  the  suc¬ 
cessive  prisms  AOl,  A02,  .  .  .  ,  treated  as 
successive  wedges  of  rupture.  The  greatest 
of  these  7T"  represents  the  actual  thrust  on 
AO  ;  for  if  we  assert  that  any  other,  as  44", 
represents  the  actual  thrust,  to  get  the 
corresponding  thrusts  on  all  the  planes  Al, 
A'2^  .  .  .  ,  in  direction  and  amount,  we 
must  lay  off  a  length  equal  to  44"  along 
each  of  the  horizontals  11",  22",  .  .  .  , 
produced  if  necessary,  and  through  the 
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extremities  draw  lines  to  0,  which  thus 
represent  in  amount  and  direction  the 
thrusts  on  the  corresponding  planes.  But 
since  44"  is  less  than  77",  this  construction 
will  give  a  thrust  on  the  plane  A7,  lying 
below  the  position  07^,  and  thus  making  a 
greater  angle  than  </>  with  its  normal,  which 
is  inconsistent  with  the  laws  of  stability  of 
a  granular  mass.  Hence,  any  other  thrust 
than  the  maximum,  as  given  by  the  above 
construction,  is  impossible. 

The  length  of  77^  to  scale  is  0.52,  which 
we  must  now  multiply  by  ex  Ax  to  get  the 
total  horizontal  thrust  on  the  plane  in 
pounds.  On  dividing  this  thrust  (0.52 
ex  Ax')  by  the  area  pressed  =  1  x  Aaj,  we 
get  the  unit  pressure  on  a  vertical  plane 
at  a  depth  x  below  the  surface  equal  to 
0.52e.x,  which  is  called  “the  intensity  of 
pressure,”  at  a  depth  x.  As  we  neglected 
the  weight  of  the  prism  AOO,  we  must 
conceive  Ax  to  diminish  indefinitely,  so  that 
the  error  tends  indefinitely  towards  zero, 
and  the  approximate  intensity  of  pressure 
on  AO  =  Ax  approaches  indefinitely  that 
at  the  point  0. 
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By  analysis  we  shall  show  hereafter  that 
the  plane  of  rupture,  A1  in  this  case,  bisects 
the  angle  between  the  natural  slope  and  the 
vertical. 

In  this  case  we  have  taken  0  =  18°  26%  and  the 
resulting  intensity  (0.52ea:)  is  found  to  be  exactly 

that  given  by  the  usual  formula,  ex  tan^ 

The  intensity  at  any  point  of  a  vertical  plane  thus 
varies  directly  with  x.  The  total  amount  on  a 
vertical  plane  of  depth  x  from  the  surface  is  then 
x  Cx^ 

Cxdx  =  -7—  (where  C  =  0.52e  in  the  present 

case),  and  its  resultant  is  at  a  depth  z  equal  to  the 
limit  of  the  sum  of  the  moments  of  the  pressures 
{Cxdx)  on  the  elementary  areas  dx  X  1,  taken  about 
the  top  surface, ‘divided  by  the  total  pressure,  or 

^  ~Jo  •  2  ~ 

Also,  ^  X  0.52x  =  ^  X  line  represent- 

2  2  2  ' 

ing  thrust,  if  old  construction  is  used.  These 

are  precisely  the  conclusions  derived  from  previous 

constructions. 


In  case  the  top  surface  is  sloping,  a 
similar  construction  applies,  only  OC  must 
now  be  drawn  parallel  to  the  top  slope,  and 
the  pressure  on  OA  must  be  assumed  to  act 
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parallel  to  this  direction.  The  construction 
is  similar  to  that  given  for  Fig.  5  (on 
neglecting  the  weight  of  the  wedge  of 
thrust  as  above),  either  to  the  right  or  left 
of  the  vertical  Ag^  only  as  the  weight  of 
the  prisms  vertically  above  01,  02,  .  .  .  . 
(Fig.  5)  is  now  represented  by  ex  nAxy. 
cos  i  (where  i  is  the  inclination  of  the  top 
slope  to  the  horizontal),  we  must  multiply 
the  length  of  the  line  cc'  (Fig.  5)  to  scale, 
by  ex  cos  .to  get  the  intensity  of  the 
pressure  at  the  depth  x^  since  the  lengths  n 
alone  were  laid  off  to  represent  the  loads 
gg2  .  .  .  ,  as  in  Fig.  6,  and  the  resulting 
thrust  cc'  must  now  be  magnified  ex  ax  cos 
i  times  to  get  the  thrust  in  pounds  on  the 
plane  ax  X  1.  As  ax  approaches  zero 
indefinitely,  the  approximate  intensity 
ex  AX  cos  i  — 

- - cc',  on  the  area  ax  y  1,  ap¬ 
proaches  that  at  the  depth  x  (=ex  cos  i.  cc') 
as  near  as  we  please.  It  must  be  observed 
that  AO  in  Fig.  5  must  be  taken  equal  to 
unity  in  this  construction,  and  the  same 
scale  used  in  laying  off  the  distances  along 
the  top  slope  0  —  10. 
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36.  If  the  earth  to  the  right  of  AO,  in 
Fig.  6,  does  not  experience  the  similar 
active  thrust  of  earth  to  the  left  of  AO,  hut 
only  the  passive  resistance  of  a  tunnel 
lining,  etc.,  of  an  underground  structure, 
the  conditions  are  changed  if  this  lining 
gives  in  consequence  of  its  elasticity ;  for 
the  wedge  of  thrust,  AOC,  cannot  move 
to  the  left  without  developing  friction  along 
the  surface  0(7,  therefore  the  pressure  on 
this  surface  must  no  longer  he  taken  as 
vertical,  but  as  inclined  at  a  direction 
0 — 10',  making  an  angle  with  the  vertical 
(Fig.  6).  The  load  on  any  supposed  wedge 
of  thrust,  as  A04:,  is  now  represented  by 
04',  the  thrust  on  AO  by  4'4",  and  the 
pressure  on  the  plane  A4:  by  04".  The 
greatest  of  the  lines,  I'l",  2'2",  .  .  .  ,  now 
represents  the  true  thrust,  and  it  is  readily 
found  to  be  4'4"  =  .33  to  scale ;  so  that  the 
intensity  of  the  thrust  on  a  square  foot  at 
the  depth  x  is  now  0.33e^,  or  one- third  the 
intensity  on  the  horizontal  plane  0(7.  Mr. 
Baker  Science  Series,”  No.  56)  found 
for  a  heading,  driven  for  the  Campden-Hill 
Tunnel,  at  a  depth  of  44  feet  from  the 
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surface, — tbe  angle  of  repose  of  the  over- 
lying  clay,  sand,  and  ballast,  heavily 
charged  with  water,  being  only  18°  26'  as 
assumed  above, — that  the  relative  deflec¬ 
tions  of  the  timbering  in  the  roof  and  sides 
indicated  that  the  vertical  and  horizontal 
intensities  of  pressure  were  in  the  ratio  of 
3.5  to  1,  which  is  very  near  what  we 
obtain  by  the  last  construction.  The  first 
construction  indicates  a  ratio  of  onlv  2 
to  1. 

In  most  cases,  a  portion  of  the  weight  of 
the  earth  above  the  tunnel  is  transferred 
to  the  sides  (Art.  9),  though  here  it  was 
thought  that  the  full  weight  of  the 
ground  took  effect  upon  the  settings.’' 

We  have  now  carefully  examined  the 
conditions  of  interior  equilibrium  of  a  mass 
of  earth,  and  ascertained  the  thrusts  ex¬ 
erted,  whether  in  the  interior  or  against  a 
retaining- wall ;  and  we  see  that  the  graphi¬ 
cal  method  is  capable  of  handling,  with 
equal  ease,  any  case  that  ordinarily  pre¬ 
sents  itself.  The  results,  of  course,  agree 
with  the  analytical  method,  founded  on  the 
same  hypotheses  j  but  as  it  is  often  more 
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convenient  to  calculate  the  thrust,  even 
when  a  graphical  method  is  afterwards 
used  for  testing  the  stability  of  the  wall, 
we  shall  now  proceed  to  deduce  formulas 
for  evaluating  it. 
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CHAPTER  III. 

THEORY  OF  RETAINING- WALLS. 

Analytical  Method. 

37.  As  in  the  preceding  chapter,  we 
shall  assume  a  plane  surface  of  rupture, 
and  regard  the  mass  as  subject  only  to  the 
laws  of  gravity  and  frictional  stability 
stated  in  Art.  21. 

In  Fig.  7,  let  AFP  QUO  represent  a 
cross-section  of  the  earth-filling,  taken  at 
right  angles  to  the  inner  face  of  the  Tvall 
AF.  We  shall  consider  the  conditions  of 
equilibrium  of  a  prism  of  this  earth  con¬ 
tained  between  two  parallel  planes,  per¬ 
pendicular  to  the  inner  face  of  the  wall, 
and  one  unit  apart,  regarding  the  wall 
AE  as  resisting  the  tendency  of  the  earth 
to  slide  down  some  plane,  as  AC,  passing 
through  its  inner  toe. 

Call  G  the  weight  of  the  prism  of  earth 
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AF'PQliC  in  pounds,  directed  vertically  j 
Ey  the  earth-thrust  against  the  wall  AF, 
directed  at  an  angle  of  friction  of  earth 
on  wall  when  or  of  when 

Trig,  -r 


below  the  normal  to  the  inner  face  of  the 
wall  (Art.  7)5  and  S  the  reaction  of  the 
plane  A  C,  inclined  at  an  angle  <f>  (the  angle 
of  repose  of  earth)  below  the  correspond¬ 
ing  normal,  since  the  prism  is  supposed  to 
be  on  the  point  of  moving  dozvn  the  plane' 


A  C.  These  three  forces  are  in  equilibrium 
when  E  and  jS  act  towards  0  and  G  acts 
downwards. 

Call  the  angle  that  AC  makes  with  the 
horizontal  and  the  angle  FAC,  ft.  On 
drawing  the  parallelogram  of  forces  as 
shown,  we  have,  since  E  and  G  are  pro¬ 
portional  to  the  sines  of  the  opposite 
angles  in  the  triangle  ONE, 

E sin  ONL 

G  sin  NLO 

It  is  easily  seen  from  the  figure  that  ONL  = 
y  —  and  that  NLO  —  ^  ft  “f“-  J 
hence  the  above  general  relation  becomes, 

E  _  sin  {y  —  <j>)  ^  ^ 

G  sin  {cf)  -y  cf)'  -y  ft) 

Now,  if  we  conceive  the  plane  AC,  always 
passing  through  the  point  A,  to  vary  its 
position,  that  value  of  E,  corresponding  to 
the  greatest  value  obtained  by  the  con¬ 
struction  above,  is  the  thrust  actually  ex¬ 
erted  against  the  wall ;  for,  if  JL  (7  is  the 
plane  of  rupture  corresponding  to  this 
greatest  trial  thrust,  any  less  value  of  the 
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resistance  o£  tlie  wall  E  will  cause  S  to 
make  an  angle  greater  tkan  ^  with  the 
normal  to  AC,  which  (Art.  21)  is  inconsist¬ 
ent  with  the  law  o£  stability  o£  a  granular 
mass  (also  see  Art.  25) :  hence  the  least 
thrust  consistent  with  equilibrium  corre¬ 
sponds  to  the  greatest  value  o£  E  thus  ob¬ 
tained  5  and  this  is  the  actual  active  thrust 
exerted  against  the  wall,  when  the  wall 
simply  resists  the  tendency  to  overturning 
or  sliding  on  its  base,  caused  by  the  ten¬ 
dency  o£  the  prism  o£  rupture  to  descend. 
I£  there  is  a  thrust  exerted  on  the  wall  to¬ 
wards  the  earth,  £rom  any  external  £orce 
acting  on  the  le£t  o£  the  wall  j  £rom  le£t  to 
right  5  then,  i£  this  be  supposed  to  increase 
gradually,  the  active  thrust  o£  the  earth  on 
the  right  is  first  overcome ;  then,  as  the  ex¬ 
ternal  £orce  increases,  the  directions  o£  S, 
on  all  planes  as  AC,  approach  the  normals 
to  those  planes,  pass  them,  and  finally  tlie 
£ull  2)cissive  resistance  o£  some  prism  of  earth 
to  sliding  upwards  along  its  base  is  brought 
into  play.  The  greatest  force  E,  as  regards 
sliding  up  the  base  of  some  prism,  which 
can  be  exerted  is  that  corresponding  to  the 


least  o£  tlie  trial  forces,  E,  obtained  by 
supposing  tbe  position  of  the  j^lane  JL(7 
to  vary,  for  S  lying  above  tlie  normal  to 
^  C  at  an  angle  4*  f eacli  plane  5  for  if  we 
suppose  A  C  to  represent  tlie  corresponding 
plane  of  rupture,  if  tlie  external  force, 
equal  to  E,  and  acting  from  left  to  riglit,  is 
increased,  it  necessarily  causes  tlie  direc¬ 
tion  of  S  to  make  a  greater  angle  than  4> 
witli  the  corresponding  normal,  which  is 
inconsistent  with  equilibrium  (Art.  21). 

In  this  chapter  we  shall  only  consider 
the  passive  resistance  of  the  wall  to  over¬ 
turning  or  sliding  caused  by  the  active 
thrust  of  the  earth  tending  to  descend, 
which  is  all  that  is  required  in  estimating 
the  stability  of  retaining-walls. 

38.  We  shall  now  express  the  value  of* 
G  for  the  earth-profile  shown  in  Fig.  8^ 
taken  to  represent  the  general  case,  and 
proceed  to  find  the  maximum  value  of  E, 
for  different  trial-planes,  which  represents 
the  actual  thrust  exerted  against  a  stable 
wall.  We  shall  suppose  the  true  plane  of 
rupture  to  intersect  the  part  EY  of  the 
profile  j  the  line  IIY  is  then  produced  to 
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jB,  so  that  the  area  of  the  triangle  ABC 
is  equal  to  that  of  the  polygon  AFPQRCj 
which  can  be  effected  by  ordinary  geomet¬ 
rical  means.  The  point  B  therefore  does 
not  change,  as  we  suppose  the  position  of 
C  to  vary  between  B,  and  T. 


Let  us  drop  the  perpendicular  AT  from 
A  upon  B  Y,  and  designating  by  e  the 
weight  per  cubic  foot  of  earth,  we  have 
G  =  he.AT.BC. 

For  future  convenience  we  have  desig¬ 
nated,  in  Fig.  8,  the  angle  that  AC  makes 
with  the  vertical  u?,  and  the  angle  that  the 
inner  face  of  the  wall  AF  makes  with  the 
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vertical  so  that  the  angle  P  of  (1)  is 
now  replaced  by  (cs?  -f-  if  the  wall  leans 
forward,  or  by  {od  —  a)  if  the  wall  leans 
backwards. 

In  Fig.  8,  let  us  draw  the  line  Cl,  mak¬ 
ing  the  angle  ACT  =  cf)'  p)  — 

4-  ^  4"  intersection  I,  with 

the  line  of  natural  slope  AD  through  A, 
If  the  wall  leans  backwards, 

^  CJ  =:  (<^  -f-  +  OD  —  a). 

Since  the  angle  {y  —  <P)—  CAI,  we  can 
replace  the  ratio  of 'the  sines  in  (1)  by  that 
of  the  sides  opposite  in  the  triangle  A  Cl, 
or  of  Cl  to  AI ;  so  that,  substituting  the 
above  value  of  G,  we  can  write  (1)  in  the 
following  form : — 

E  =  ie.AT.BC.A^.  .  .  (2). 

-A  JL 

On  drawing  BO  parallel  to  Cl  to  inter¬ 
section  0  with  AD,  we  have,  from  this 
relation  and  the  similar  triangles,  BOD 
^nd  CID. 

BC=  BD  ;  Cl  =  ID.  —  : 

OD  OD' 
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which  substituted  in  (2)  gives, 


OD- 


y 


OI.ID 


The  terms  in  the  (  )  remain  constant  as 
we  vary  the  position  o£  A  C.  For  brevity, 
call  AI  —  X,  AD  ~  a,  AO  =  h  ;  then  we 
can  write  the  variable  term, 

OI.ID  _  {x  —  h)  {a  —  x) _  I  ;  ab 

AI  X  ^  X  ’ 


which  is  a  maximum  for  x  =  as  we 

find  by  placing  its  first  derivative  equal  to 
zero.  This  value  of  x  substituted  in  the 
variable  term  gives. 


a  -j-  b  —  2^/ab 


{a  —  \/ab)^-y 
a 


so  that  the  actual  thrust  E  on  the  wall  can 
be  written, — 

.  .  .  (4). 

\  /  a 


Now,  drawing  the  perpendiculars  BN  and 
CII  from  B  and  C  upon  AD^  we  observe 
that  since  the  angle  A  CH  =  go  ^ 
makes  the  angle  go  with  a  vertical  at  C, 
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and  CH  makes  the  angle  with  this  same 
vertical,  since  the  sides  are  respectively  per¬ 
pendicular  to  those  o£  the  angle  DAJ—<f>), 
and  the  whole  angle  = 
it  follows  that  the  angle  II Cl  —  NBO  = 
3-8  marked,  if  the  wall  leans  for¬ 
wards  j  otherwise  IICI=]SfBO=  {(f>' — or), 
since  ACI'i^  then  equal  to  (ce?-|-</)q-</)' — or), 
as  previously  observed. 

To  reduce  (4)  to  a  simpler  form,  we 
remark  that  AT.BD  represents  double  the 
area  of  the  triangle  ABB,  and  can  be  re¬ 
placed  by  AB.BN  =  AB.BO  cos  OBN ; 
which  gives 

AT.BD. BO 
- - - - =  a  cos 

OJD^ 

.•.E  =  ie.  cos  OBN  (‘ 

(a  —  ^dbY  .  .  .  (5). 

Now,  from  similar  triangles,  BOB,  CIB, 
BO  Cl 

we  have  =■  _ _ ,  which,  substituted  in 


OBn(—\  ; 
\0I>}  ’ 

IZ»/ 


the  above  expression,  Ave  have,  noting  that 

{a  —  /y/ ah)  ~  {a  —  oc)  =  IB,  the  very  sim¬ 
ple  formula, 


87 


E=zhe.  cos  {^'  -\-a)  CE  .  .  .  (6). 

It  is  to  be  remarked,  that,  if  the  wall  leans 
backwards,  cos  {(f)'  a)  is  to  be  replaced 
in  this  formula  by  cos  ((f>' — a)  5  further,  if 
we  lay  off  IL  =  IC  on  the  line  Zd.,  and 
draw  a  line  from  L  to  C,  the  thrust  E  is 
exactly  represented  by  the  area  of  the 
triangle  ICL  multiplied  by  c,  the  weight 
per  cubic  foot  of  the  earth. 

39.  This  simple  conclusion  has  been 
previously  reached,  in  an  entirely  different 
manner,  by  W eyrauch  (see  an  Nostrand’s 
Magazine”  for  April,  1880,  p.  270),  who 
states  that  Rebhahn  in  1871  found  a  similar 
result,  assuming,  however,  that  —  0.  or 
<fi'  zzz  (f)  (for  the  special  cases  of  earth-level 
at  top,  or  sloping  at  the  angle  of  repose,  I 
infer). 

Recurring  now  to  the  fact,  that  for  the 
true  plane  of  rupture  we  found 

X  =  AI  =1  ah  —  y\/AD.A  0, 

and  that  angle  NBO  =(<^'-f-^)  c>r  —  nr), 
according  as  the  wall  leans  forwards  or 
backwards,  we  have  the  following  simple 
construction  to  find  the  plane  of  rupture 
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and  earth-thrust  E,  as  given  by  W eyrauch 
in  1878,  for  a  uniform  slope  and  wall  lean¬ 
ing  forward. 

Having  found  the  point  JB  on  the  pro¬ 
longation  of  the  line  BY,  which  it  is  thought 
will  be  intersected  by  the  plane  of  rupture, 
so  that  area  ABB  area  AFPQB^  we 
next  draw  BO,  making  the  angle  NBO 
with  the  normal  to  the  line  of  natural  slope 
AD,  equal  to  (</>'  +  or  {<f)'  —  a),  accord¬ 
ing  as  the  inner  face  of  the  wall  lies  to  the 
left  or  to  the  right  of  the  vertical  through 
A  (replace  ^^by  (j>  whenever  j  then 

erect  a  perpendicular  at  0  to  AD  to  inter¬ 
section  M,  with  the  semicircle  described 
upon  HD  as  a  diameter,  and  lay  off  AI  = 
chord  AM,  since  AI  =  VH O.AD  /  next, 
draw  IC  parallel  to  OB  to  intersection  C 
with  the  top  slope,  whence  A  C  Avill  be  the 
plane  of  rupture  if  the  point  C  falls  upon 
J?Yas  assumed;  otherwise  another  plane, 
as  YZ,  will  have  to  be  assumed  as  con¬ 
taining  the  point  C,  and  the  construction 
effected  as  before. 

Having  found  C  in  this  manner,  E  can 
be  computed  from  (1),  since  0  =  ^  AT.BG 
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is  now  known:  or  by  measuring  Cl  to 
scale,  E  can  be  found  directly  from  (6). 

This  graphical  construction  is  more 
rapid  and  accurate  in  working  than  the 
methods  of  the  preceding  chapter,  and  is 
superior  to  Poncelet’s  construction,  in 
taking  less  space  to  effect. 

In  surcharged  walls,  the  point  B  will 
generally  lie  to  the  right  of  AF.  Thus,  in 
Fig.  4  the  upper  line  26  is  extended  to  the 
left  5  from  0  a  line  is  then  drawn  parallel 
to  A2  to  intersection  0'  with  the  line  26 
extended.  The  point  0'  thus  found  corre¬ 
sponds  to  the  point  B  of  Fig.  8. 

40.  The  construction  is  true  whether  the 
earth-surface  slopes  upwards  or  down¬ 
wards  from  the  top  of  the  wall. 

In  the  latter  case,  if  the  surface,  say  i>7), 
falls  upon  the  line  BO,  the  construction 
fails  ]  but  a  formula  given  farther  on  gives 
the  value  of  E. 

If  the  surface  BD  falls  below  BO,  it  is 
easily  seen,  on  drawing  a  figure,  that  all  the 
previous  equations  hold,  and  we  reach  the 
same  conclusion  as  before,  AI=  ^ AD. A  0  j 
only  as  ^0  now  is  larger  than  AD,  the 
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semicircle  must  be  described  upon  JL  0  as 
a  diameter,  and  tbe  perpendicular  to  tbe 
point  M  erected  at  D  ;  or  AI  can  be  calcu¬ 
lated  if  preferred.  If  tbe  points  0,  Ij 
and  D  are  near  together,  it  will  be  best  to 

compute  BG  from  BG  ~  since 

the  terms  in  the  right  member  can  be 
measured  to  scale. 

41.  Position  of  the  Limiting  Plane. — In 
Fig.  9,  let  BI)  represent  the  earth-surface, 
uniformly  sloping  at  the  angle  i  to  the 
horizontal,  of  an  unlimited  mass  of  earth 
(Art.  9),  in  which  the  pressure  on  a  verti¬ 
cal  plane,  AB,  can  be  taken  as  parallel  to 
the  surface  BD.  Let  AD  represent  the 
line  of  natural  slope ;  it  is  required  to  find 
the  position  of  the  plane  of  rupture  A  (7, 
corresponding  to  the  thrust  F7,  acting 
above  the  horizontal  at  the  angle  i,  and  of 
course  balancing  the  opposed  thrust  of 
the  earth  to  the  left  of  AB. 

On  referring  to  Fig.  7,  it  is  seen  that 
equation  (1)  holds  on  replacing  the  de¬ 
nominator  of  the  right  member  by  sin 
(/?-|-^ — /).  Therefore,  in  Fig.  8,  the  angle 
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ACI  must  now  be  laid  off  equal  to 
?),  wlience  the  line  Cl  falls  below 
CH,  and  BO  below  BN,  botli  being  in¬ 
clined  to  these  normals  at  the  same  angle, 
= i-|-0 = i. 

With  this  exception,  the  above  demon¬ 
stration  holds  throughout,  and  we  reach 


the  following  construction  to  find  the  point 
C.  From  B  draw  BO,  making  the  angle  i 
below  the  normal  BN  to  AD,  or  preferably 
making  the  angle  (</>  —  i)  with  the  vertical 
AB,  to  intersection  0  with  AD.  From  0 
draw  OJI perpendicular  to  AD  to  intersec¬ 
tion  31,  with  the  semicircle  described  upon 
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AD  as  a  diameter ;  lay  off  AI  along  ADj 
equal  to  chord  AM^  and  from  I  draw  a 
parallel  to  BO  io  intersection  (7  with' the 
top  slope  BD.  The  plane  (7  is  the  plane 
of  rupture,  or  the  limiting  plane  of  Art.  28, 
which  see. 

If  the  inner  face  of  the  wall  lies  below 
AC^  then  (Art.  28)  the  thrust=^e.  cos  i.  CD 
on  AB  is  computed,  and,  regarded  as 
acting  parallel  to  BD,  from  left  to  right, 
is  combined  with  the  weight  of  the  earth 
and  wall  to  the  right  of  AB  to  find  the 
true  resultant  on  the  base  of  the  wall. 

If  the  wall  lies  between  AB  and  A  C,  the 
constructions  of  Arts.  37  and  38  are  used. 

To  be  as  accurate  as  possible  in  these,  as 
in  all  constructions,  true  straight  edges  on 
both  ruler  and  triangle  are  imperative. 
Lay  off  all  angles,  including  right  angles, 
by  aid  of  a  beam  compass  to  a  large 
radius,  say  ten  inches,  using  a  table  of 
chords  (except  for  the  right  angle)  and  an 
accurate  linear  scale.  With  all  care,  the 
angles  BAC  thus  found  can  scarcely  be 
counted  on  to  nearer  than  ten  minutes, 
which,  however,  is  sufficiently  accurate. 
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In  tlie  table  below  will  be  found,  for 
various  inclinations  i,  the  values  of  the 
angle  BA  C  that  the  limiting  plane  makes 
with  the  vertical ;  also  the  co-efficient  K 
(see  Art.  42),  or  the  thrust  on  AB—^e 
cos  i  when  AB  and  e  are  both  taken 
as  unity,  made  out  for  earth  which  naturally 
takes  a  slope  of  one  and  a  half  to  one,  or 
whose  angle  of  repose  is  33°  42'. 

The  value  of  K  agrees  fairly  well  with 
calculation,  the  last  figure  not  differing 
more  than  one  or  two,  at  the  outside,  from 
the  results  of  Art.  47. 

From  the  construction  we  see  that  as  i  ap¬ 
proaches  ^  indefinitely,  BA  C  tends  to  zero 
and  E  approaches  the  limit  cos  <^.  AB-^  as 
given  by  analysis.  The  increase  of  thrust 
is  very  rapid  from  i=30°  to  «=<^  =  33°  42'. 
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42.  Uniform  Top  Slope ;  Formula  for 
FartJi-thrust — When  the  upper  surface  of 
the  earth  slopes  uniformly  at  the  angle  i  to 
the  horizontal,  it  is  easy  to  deduce  from 
what  precedes  a  general  formula  for  the 
thrust  exerted  by  it.  Fig.  10  represents  a 


retaining- wall  leaning  towards  the  earth. 
We  shall  first  deduce  a  formula  for  this 
case,  when  it  will  be  observed,  as  we  pro¬ 
ceed,  that  the  same  formula  holds,  when 
the  wall  leans  forward,  on  simply  changing 
to  (  —  af 

In  this  case,  we  note  from  Fig.  10  the 
following  values  for  the  angles. — 
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NBO  =  (f>'  — 

ABO=cf>-{-  cf>'^ 

AOB— 90— 

ABB  ~  <f>  — 

ABB  =  90  H"  4- 
BAG  90— {<i>  + a). 

Finally,  designate  by  I  the  length  AB  from 
the  inner  toe  to  where  the  inner  face  of  the 
wall  intersects  the  top  slope,  and  by  li  its 
corresponding  vertical  projection. 

From  formula  (5)  we  deduce,  remem¬ 
bering  that  OB  {a  —  ?>), 

E  =  ie.WO^-  P  —  cos  OBN. . .  (7). 

La  —  6  J 


We  can  now  write  the  [  ]  as  follows  : — 


Place  n  = 


to  find  its  value  in  terms 


of  the  functions  of  known  angles,  we  have 
from  the  triangles  AOB  and  ABB  by  the 
law  of  sines. 
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AO  __  sin  (<^  +  4>')  _  sin  {<j>  —  i)  - 

AB  cos  —  «')’  AD  cos  -j-  i)' 


On  multiplying  these  two  equations  to¬ 
gether,  and  extracting  the  square  root,  we 
find, 

_  I  AO  _  j  sin  {sl>^^')  sin  (0  — t) 

^  \l  AD  \  cos  (9!>' —  a)  cos  (a  +  t)  ’  ' 

Again,  from  the  triangle  we  have, 


B0= 


cos  {cf>  -j-  a) 
cos  {(f)'  —  a) 


I  - 


Substituting  these  values  in  (7),  and  putting 
cos  OBN  =  cos  (cj)'  —  a)  for  this  case,  and 
we  have  finally. 


^  _/cos  {4>-^a)Y 
\  + 1  /  I 


eP 


2  cos  {(f)"  —  a) 


(9). 


Or,  since  h  =  l  cos  u',  we  likewise  have. 


/cos  {<ji  -f  a)\^  eli^ 
\(w+l)  cos  a!  2  cos  {4>'  —  o') 


(10). 


If  we  term  the  co-efficient  of  elfi  in  (10), 
we  can  write  this  formula, 

E  =  Kelfi  .  .  .  (11) 
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in  which,  for  tvalls  leaning  hachivards,  as  in 
Fig.  10, 


^  _  / cos  (c^  +  1 

V(n-|-1)  cos  a;  2  cos  (</>'  —  a) 


where  n  has  the  value  given  in  (8). 

For  walls  leaning  forwards,  we  easily 
note  the  changes  in  the  angles  used,  and 
can  verify  that  formula  (11)  obtains  j  but 
now. 


f'cos  (c^  —  or)\2  1 

<(w-f-l)  cos  aj  2  cos  {<!>'  d-  a) 


and. 


n  = 


sin  -f-  </>')  sin  {d>  —  i) 
cos  {di'  4-  a)  cos  {a  —  i) 


which  we  obtain  from  the  old  values  by 
simply  changing  a  io  { —  oc). 

It  is  to  be  observed,  for  all  cases,  when 
<i>'  >  cf>  that  we  must  replace  4^'  in  all  the 
formulas  by  </>. 

These  formulae  are  identical  with  those  of 
Bresse  (^^Cours  de  M4canique  Appliqu4e,” 
Vol.  I.  3d  ed.)  and  Weyrauch,  for  the 
case  of  the  wall  leaning  forward,  the  only 
cases  examined  by  them.  Bresse  uses  the 
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Poncelet  method  for  the  general  case, 
which  leads  to  Poncelet’s  celebrated  con¬ 
struction.  The  routes  pursued  by  these 
authors  is  different  from  that  given  above, 
the  method  of  Weyrauch,  in  particular, 
being  much  more  complicated  5  still,  all 
three  methods  lead  to  precisely  the  same 
formula,  so  that  it  must  be  considered  as 
established  beyond  question. 

W eyrauch,  too,  in  subsequent  reductions, 
follows  Rankine  as  to  the  direction  of  the 
earth-thrust  against  the  wall,  whereas 
Bresse  takes  it  as  above.  The  case  of  the 
^^limiting  plane’’  is  not  considered  by  either. 

43.  The  case  where  the  top  surface  slopes 

downwards  to  the  rear  is  very  rarely  met 
with  in  practice.  The  previous  formulae 
apply  though  directly  on  simply  changing  i 
to  ( —  i),  since  it  is  seen  that  angle  ADB 
=  -f-  i)  and  angle  ABJD  =  90-|-  {a — i), 

and  the  ratio  — —  is  now  equal  to  — ^ 

Al)  cos(n: — i) 

44.  Earth  Level  at  Top  /  Back  of  Wall 
Vertical. — For  the  earth  level  at  top,  back 
of  wall  vertical,  and  (f)'  —  ^  as  usually 
taken,  the  formula  (11)  takes  a  very  simple 
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form.  Here  we  have  a=0^  i=0j 

whence. 


Jsin  26  sin  6  .  , 

- ^ ^  =  sin  V2, 


cos 


and 


cos  cf> 


.eJi^  .  .  .  (15). 


2(1+  sin  V2)^ 

For  <fi'  ~  0,  which  corresponds  to  a  per¬ 
fectly  smooth  tvall,  or  otherwise  may  refer 
to  the  direction  of  the  pressure  on  a  ver¬ 
tical  plane  in  a  mass  of  earth  of  indefinite 
extent,  level  on  top  (Art.  9),  we  have, 
when  =  0  and  i  =0 ,  n  z=z  sin  ^  and, 

1  —  sin  4* 


E  = 


1  +  sin  4>  2 

=  tan2  ^45°  —  . 


eli^ 


.  .  .  (16). 


The  equality  of  the  two  co-efficients  of 

«7,2 

— -  in  (16)  is  easily  verified  from  the  known 

2 


formula. 


tan^  .  (*)  =  * 


cos  X 


by  putting  (90  —  <^)  for  x  in  both  members. 
Referring  to  Fig.  7,  and  regarding  AF 


vertical,  the  top  surface  horizontal,  and 
z=  0,  we  note  that  tan  §  and 


E  —  tan  (5  tan  {y  —  ^),  in  which  y  = 
2 


90  —  fi.  Now,  this  result  must  agree  with 
the  right  member  of  (16),  which  is  only- 


possible  when  ^  J  45 


(90 — ;  whence  it  follows  that  for  ^'=0, 
a:  =  0,  i  =:  0,  as  assumed,  the  plane  of  rup¬ 
ture  bisects  the  angle  between  the  vertical  and 
the  line  of  natural  slope. 

45.  Earth  sloping  at  the  Angle  of  Repose. — 
For  this  case  we  shall  assume  a=  0  and 
<f}'  —  <f)  in  addition  to  ^  whence  n=0 


and, 


E 


 cos  <t> 


eh^ 


(17), 


as  found  in  a  different  manner  in  Art.  41. 
This  simple  formula  can  likewise  be  de¬ 
duced  directly  from  equation  (1)  of  Art. 
37,  referring  to  Fig.  7, 

sin  [y  —  <h) 


E 


cos  (/i  4-  cf>) 
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On  substituting  the  value  of  G,  which  is 
easily  found  for  this  case  to  be, 

^ _  1  eh-  __  sin  (3  cos  eh- 

cot  (3  —  tan  <h  2  cos  [(3  2  ^ 

we  find  for  the  trial  thrust. 

^ _  sin  /?  cos  eh- 

~  sin  (2  </)  +  p)  2 

_  cos  (j)  eh^ 

sin  2  cot  f3  -[-  cos  2cf>  2 

.  Now,  by  the  reasoning  of  Art.  37,  the 
true  thrust  is  the  greatest  value  the  above 
expression  can  have,  as  (3  varies,  and  its 
greatest  value  corresponds  to  /5=90 — 
for  then  cot  (3  is  least,  and  JE  greatest,  since 
cot  (3  is  ill  the  denominator.  On  substi¬ 
tuting  this  value  a  simple  reduction  gives 
E  —  h  cos  3)  .  eh^  as  found  above  in  (17). 
Since  we  have  just  found,  for  this  case, 
that  p  =  90  —  it  follows  that  the  surface 
of  rupture  coincides  with  the  natural  slope. 
The  value  of  E  from  equation  (1)  in  this 
case  assumes  the  form  0  X  oo,  since  G 
becomes  infinite  for  an  indefinitely  sloping 
surface ;  but  on  reducing  to  the  form  above 
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we  easily  see  the  limit  that  E  approaches  ' 
indefinitely,  which  is  its  true  value.  The 
construction  of  xVrt.  39  fails  for  this  case, 
but  the  one  of  Art.  41  leads  directly  to  (17). 

46.  Pressure  of  Fluids. — The  general 
formula  (9)  above  is  true,  no  matter  how 
small  the  angle  of  repose  becomes,  and 
must  approach  indefinitely  the  expression 
for  the  pressure  of  liquids,  as  and 
tend  towards  zero;  so  that  at  the  limit, 
for  —  cj)'  =  i  =  0,  we  have  the  normal 
thrust  of  a  liquid  whose  weight  per  cubic 
foot  is  e, 

E  —  \  eP  cos  or  =  4  eh-  see  a  .  .  .  (18), 
a  well-known  formula.  By  Art.  44  we  see 
that  for  (f>  —  0,  2/3  =  90,  or  the  plane  of 
rupture  approaches  an  inclination  of  45° 
as  <f>  approaches  zero  indefinitely. 

47.  PanJcine’s  Formula  for  the  Earth-thrust 
on  a  Vertical  Plane,  in  an  Indefinite  Mass, 
sloping  uniformly.  In  Art.  9  we  have 
stated  the  conditions  that  such  a  mass 
must  satisfy  in  order  that  the  pressure  on 
a  vertical  plane,  whose  intersection  wdth 
the  top  slope  is  a  horizontal  line,  may  be 
parallel  to  the  line  of  greatest  declivity. 
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Also  in  Art.  28  we  liave  seen,  that,  when 
the  wall  face  lies  below  the  limiting  plane, 
this  direction  of  the  thrust  is  the  true  one 
on  a  vertical  plane,  passing  through  the 
inner  toe  of  the  wall. 

We  have  a=  0,  <f>'  —  i.  and  I  =  h,  which 
gives  in  formula  (9), 


where, 


E  = 


/cos  eli^ 
\n  -f- 1^  2  cos  i 


n 


_  I  sin  (<^  +  i)  sin  (</>  —  i) 

cos-  i 


_  a/ sin^  cos^  i  —  cos^  4*  sin'-^  i 


cos  i 


_  V  cos^  i  —  cos'-^  4> 


cos  ^ 


Whence, 
E  = 


cos^  <f)  cos  i 


_  ej^ 

(cos  i  -\-  '\/ cos-  i  —  cos^  ^ 

Now,  since  we  can  write, 

cos2  4>  (cos  i  +  Vcos2  i  _  cos"  </)) 

X  (cos  i  cos^  i  —  cos^  </>) 


the  above  value  becomes,  on  striking  out 
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tlie  common  factor,  (cos  i+Vcos'^  i _ cos'^ 


=  Vcos^  i— cos2  <f> 


COSl 


cos  i-\-  cos*-^  i — cos^  (j> 


,  (19), 


which  is  Rankine’s  well-known  formula 
for  earth  pressure. 

Now  since  Rankine’s  formula  was  framed 
without  the  use  of  any  assumption,  as  that 
of  a  plane  of  rupture,  and  is  accepted  as 
correct  for  the  case  in  question,  it  follows, 
that,  when  the  pressure  is  assumed  to  be 
parallel  to  the  surface,  the  assumption  that 
the  surface  of  rupture  is  a  plane  will  give 
correct  results,  and  can  be  safely  used  in 
the  graphical  method  which  is  absolutely 
dependent  on  it. 

It  will  be  observed  that  formulae  (16) 
and  (17)  can  be  deduced  directly  from  (19) 
by  making  ^  =  0  and  i  =  cf)  respectively. 
Rankine  has  given  a  simple  graphical  con¬ 
struction  of  the  last  fraction  in  (19)  in  his 
“  Civil  Engineering,’’  which  saves  labor  in 
computing. 

48.  U7iit  Pressures  on  a  Vertical  Plane 
at  Dep)tli  X  heloiv  a’  uniformly  Sloping  Sur¬ 
face,  the  Direction  of  the  Pressure  being 
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taken  Parallel  to  the  Line  of  Greatest  De¬ 
clivity. — As  in  Art.  35  we  shall  consider  a 
wedge  of  thrust  of  infinitesimal  dimen¬ 
sions,  of  which  the  left  face  AB  (Fig.  10) 
is  vertical,  and  the  upper  surface  paral¬ 
lel  to  the  top  slope.  The  weight  of 
the  vertical  prism  that  rests  upon  any 
trial  base  as  BC  is,  e .  BC .  cos  i  .x  .= 
AT  .  BC  .exi  AB  (Fig.  8);  so  that  neglecting 
the  weight  of  the  infinitely  small  wedge 
ABC  we  get  the  value  of  E  from  equa¬ 
tion  (1)  of  Art.  37  by  simply  replacing  G 
by  this  value.  Equation  (2)  of  Art.  38  is 
thus  replaced  by 

E=^.AT.BC% 

which  is  exactly  that  given  in  Art.  38  mul¬ 
tiplied  by  the  constant  2x1  AB.  All  the 
subsequent  reductions,  therefore,  hold  if  we 
simply  put  h  =AB  in  the  final  equations, 
and  multiply  the  result  by  2x1  AB.  Hence 
divide  (19)  by  AB  =  h  and  change  the 
coefficient  eh  12  to  ex,  to  find  the  intensity 
of  the  pressure,  E  ^  AB,  at  a  depth  x; 
and  on  integrating  this  expression,  mul¬ 
tiplied  by  dx,  between  the  limits  o  and  h, 
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we  are  at  once  conducted  to  (19),  which 
is  thus  proved  true  by  the  method  of 
integration  of  the  effects  of  earth  particles, 
which  is  independent  of  the  assumption  of 
a  plane  surface  of  '’upture  extending  to 
the  surface. 

Precisely  the  samu  conclusions  hold  for  a 
vertical  ivallj  or  one  leaning  fonvards^  when  E 
is  assumed  to  make  the  angle  cf)'  or  <h  with  the 
normal  to  the  wall,  since  G  is  simply  replaced 
as  before  by  the  weight  of  the  vertical 
prism  for  a  uniform  top  slope,  and  ultimately 
we  replace  Ifi  by  2x  in  the  general  formula 
(11)  to  get  the  intensity  of  pressure  in  the 
direction  given,  at  the  depth  x  from  the 
surface,  so  that  on  integrating  as  before  we 
deduce  (11)  without  the  necessity  of  con¬ 
sidering  the  surface  of  rupture  as  extend¬ 
ing  to  the  surface.  The  graphical  method, 
using  this  hypothesis,  should  again  give 
good  results.  It  is  possible  though,  in  this 
case,  that  the  influence  of  the  wall  friction 
may  have  some  effect  in  deflecting  the 
weights  of  the  vertical  prisms  from  a  ver¬ 
tical  line  5  for,  when  it  is  so  transmitted,  the 
usual  direction  of  the  pressure  is  parallel 
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to  tlie  surface  (Art.  9).  For  ivdlls  leaning- 
hackwards  the  prisms  do  not  rest  vertically 
over  the  bases  of  the  prisms  of  thrust,*  and 
the  theory  would  seem  to  be  inapplicable  ; 
so  that  the  formulae  for  this  case,  (8)  and 
(9),  have  to  rest  upon  the  unproved  hypo¬ 
thesis  of  a  jilane  surface  of  rupture  extend¬ 
ing  to  the  surface,  and  may  depart  consid¬ 
erably  from  the  truth.  W e  conclude,  that,, 
except  for  the  cases  for  which  Rankine’s 
formula  is  applicable,  the  plane  surface  of 
rupture  is  still  an  unproved  hypothesis. 

49.  Pointof  Application  of  the  Thrust;  Uni¬ 
form  Slope. — We  have  the  normal  compo¬ 
nent  of  the  thrust  on  a  wall,  by  (9)  whether 

the  wall  inclines  forward  or  backward  or 
is  vertical,  expressed  by  the  relation, 

=  (9)  X  cos  </)'  = 

c  being  constant  j  whence  the  thrust  on 
the  area  X  1  is  nearly 

dE-^  =  2cldl, 

and  the  distance  from  where  the  inner 
face  of  the  wall  interesects  the  top  slope 
to  the  centre  of  pressure  is  equal  to 
the  limit  of  the  sum  of  the  elementary 
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pressures  multiplied  by  their  arms,  divided 
by  the  total  pressure,  or, 


hence  the  centre  of  pressure  on  the  wall  is 
vertically  above  the  base, 

50.  Surcharge  uniformly  distributed. — If 
the  filling  of  height  h  has  a  horizontal 
surface  upon  which  a  uniform  load  of  any 
kind  rests,  replace  its  weight  by  that  of 
an  equivalent  quantity  of  earth,  giving  the 
total  load  the  same,  and  call  the  height  of 
the  reduced  load  /d..  The  total  pressure  on 
the  vertical  wall  of  height  h  is  now  by  (11), 
E  =  Ke  {{h  +  /d)2  —  7/2)  ^  xeh  (h  +  2/d), 
whence, 

dE  =  Ke.2-{h  +  W)  dh  ; 

and  the  distance  of  the  centre  of  pressure 
from  the  top  of  the  wall  downwards  is, 

2  j  ^  (h  +  h')  Mh  ^  ^ 

h  (h  +  2!7Y^  3  \  h  +  2/i'  /  ’ 

or  from  the  base  of  the  wall  upwards, 
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9/^2  3/^/^. 

^  Sh  +  6h' 


It  is  more  tlian  probable  that  the  theory 
for  this  case  will  prove  illusory  in  practice, 
and  will  give  a  large  excess  of  pressure ; 
so  that,  most  frequently,  such  surcharged 
loads  are  ordinarily  allowed  for  by  a  large 
factor  of  safety,  particularly  where  the 
earth  is  bound  by  cross-ties,  stringers,  etc.,  * 
or  the  surcharge  is  not  free  to  move  later-  » 
ally  as  well  as  vertically. 


Surcharge 


/  I 

L ^ 


I  ^^2 


c 

ICioj.  lO  (a). 


In  the  case  of  sea  tvaUs,  the  backing  is 
saturated  with  water  at  high  tide,  uj)  to  a 
certain  level  BF,  fig.  10  (a),  so  that  it  is 
well  to  ignore  the  friction  at  the  back  of 
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the  wall  on  BC  and  for  additional  safety 
it  will  be  neglected  on  the  portion  AB. 

Call  the  weight  of  the  backing  per  cubic 
foot  above  BF^  e-i  and  the  angle  of  repose 
The  corresponding  quantities  for  the 
saturated  backing  below  BF  will  be  desig¬ 
nated  by  62  and  (j>2-  The  value  of  ^2 
should  be  found  by  experiment  and  62 
computed  as  explained  at  p.  31.  If  the 
water,  at  high  tide,  is  at  the  same  height 
on  the  front  and  back  faces  of  the  wall, 
the  water  pressures  on  those  faces  will 
balance  and  need  not  be  considered. 

Let  and  earth  thrust  on^^j 

BC—I12  and  i^2= earth  thrust  on  BC. 


By  Art.  44  (IG),  K  —  \  Tan^  ^45°—.^^  ; 

therefore  if  —  TF=  surcharge  or  load  in 

pounds  per  square  foot,  on  AB ;  by  the 
analysis  just  given, 

=  A'r.A,  (7ii  +  27(>)  =  taii^  ^45“  —p\ 

_l_  above  S,  a 

distance,  ^ 


(i+ 


\7ii 

h,  +  2h' )  3  : 


Ill 


Next,  assuming  that  the  load  on  the  hori¬ 
zontal  plane  BF  is  uniform  and  Wo  lbs. 
pr.  sq.  ft.  and  calling  the  height  of  this 
load  reduced  to  the  specific  gravity  of  the 
earth  below  BF,  Jiq, 

.’.  ho  62  =  Wo  W  -|-  hi  eu 


Hence  as  before, 

E2  =  tan2  (45=-  —  +  feWo] 

and  E2  acts  above  (7,  a  distance, 


ho  \ 

h2+2}J 


b 

3 


If  no  surcharge  is  considered,  the  formu¬ 
las  apply  on  making, 

W=o,  h'—o  .  * .  Wo— hi  ejj  ho— hi  61—62. 


In ‘either  case  having  found  and  E2  in 
magnitude  and  position,  the  position  of 
the  resultant  Ei  -{-  E2^  can  be  found  by 
taking  moments  about  C. 

The  above  formulas  will  be  found  to 
reduce  to  those  given  by  Mr.  D.  C.  Berber, 
in  Engineering  News,  Aug.  23,  1906.  It 
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is  stated  there,  that  the  Department  of 
Docks  of  New  York  City  specify  a  sur¬ 
charge  of  1,000  lbs.  pr.  sq.  ft.,  acting  as  a 
vertical  load. 

51.  Moments  of  the  Thrust  about  the  Inner 
Toe  of  the  Wall. — Let  us  decompose  the 
thrust  E  against  the  wall  into  two  compo¬ 
nents,  E\  and  E2.,  respectively  normal  to 
and  acting  along  the  inner  face  of  the  wall. 
If  E  makes  the  angle  with  the  normal 
to  the  wall,  we  have,  from  E  =  Keli^, 

El  =  E  cos  <f>'  =  K  cos  (fi'.eh^  • 

or  putting,  Ki  =  K  cos  (f>' 

we  have,  Ei  =  Ki  eli^ ; 

also,  E2  —  E  sin  4*'  =  Ei  tan 

It  is  understood  in  these  formulae,  that, 
when  >  <^,  we  must  replace  4>'  by 
If  the  inner  face  of  the  wall  makes  an 
angle  a  with  the  vertical,  we  have  the 
thrust  acting  at  a  distance  cl  =  eh  sec  a 
from  the  inner  toe  of  the  wall,  where  c  = 
by  theory  for  a  uniform  slope  ;  there¬ 
fore,  the  moment  M  of  the  thrust  about  the 
inner  toe  of  the  wall  is  Ei  cl,  since  the  mo- 
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ment  of  E2  is  zero ;  or  putting  for  abbre¬ 
viation, 

m  ■=■  c  K\  sec  a 

we  have, 

M  —  E\  cli  sec  a  —  c  Ki  sec  a  .  eh^  —  meW. 

The  two  formulas  for  the  normal  compo¬ 
nent  of  the  thrust  and  moment,  E\  —  Kieli^ 
and  M=meh^  will  be  used  throughout  the 
next  chapter,  as  semi-empirical  formula?, 
in  which  the  constants,  c,  and  m  are  to 
be  determined  by  experiment;  and  it  is 
well  to  recall  that  h  represents  the  vertical 
height  from  the  inner  toe  of  the  wall  to 
where  the  line  of  the  inner  face  pierces 
the  top  surface  of  the  earth  backing,  and 
that  e  represents  the  weight  per  cubic  foot 
of  earth. 
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CHAPTER  IV. 

EXPERIMENTAL  METHODS.  —  COMPARISON 
WITH  THEORY. 

The  Practical  Designing  of  Petaining- Walls. 

52.  Experiments  upon  earth-pressure 
have  been  made  by  a  number  o£  engineers 
and  others  at  various  times,  but  none  have 
ai^proached  in  completeness  those  made 
by  M.  M.  L.  Leygue,  and  described  in 

Annales  des  Pouts  et  Chaussees  ”  for 
November,  1885.  From  them,  in  fact,  can 
be  deduced,  for  the  materials  used,  a  com¬ 
plete  method  for  the  practical  designing  of 
retaining-walls,  as  will  be  more  fully  appre¬ 
ciated  as  we  proceed.  W e  only  have  space 
to  indicate  the  more  important  results, 
which  are  given  briefly  below. 

53.  Cohesion. — Leygue  first  proved  that 
cohesion  in  a  mass  of  sand  does  exist,  but 
that  for  this  material  it  can  often  be  nejr- 

) 
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lected  in  comparison  with  friction.  Thus 
for  a  vertical  mass  about  a  foot  high,  and 
ten  square  feet  base,  the  ratio  of  the  resist¬ 


ance  of  cohesion  to  friction,  to  sliding  on 
the  base,  is  only  one-tenth. 

54.  The  Prism  of  Rupture. — To  observe 
the  movement  of  the  sand  at  the  moment 
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o£  sliding  or  overturning  of  the  retaining- 
wall,  a  wooden  box  was  used  (Fig.  11),  1.31 
feet  long,  2.62  feet  wide,  and  2.4  feet  high, 
open  above  and  in  front,  but  with  glass 
sides.  Movable  boards  in  front,  pivoted 
at  the  bottom,  represent  the  retaining- 
walls.  They  were  1.22  to  1.3  feet  long, 
and  0.66  to  0.82  feet  high,  and  were  first 
put  at  the  inclination  desired,  when  the 
sahd  (whose  natural  slope  was  one  and  a 
half  base  to  one  rise)  was  placed  in  the 
box  behind  them.  To  note  the  relative 
movement  of  the  grains  of  sand,  as  the 
wall  moves  over,  thin  horizontal  strata  of 
%vliite  plaster  pulverized  were  interposed  in 
the  mass  of  gray  sand  at  various  heights. 

In  all  the  experiments,  narrow  strips  of 
paper,  bent  at  a  right  angle,  were  placed, 
over  the  joints  to  keep  out  grains  of  sand, 
and  allow  of  free  overturning  or  sliding. 

As  the  retaining-board  was  moved  over, 
the  following  facts  were  observed : — 

All  of  tJie  particles  lying  hetiveen  the  wall 
and  a  convex  surface  (shown  by  a  dotted 
line  in  tlie  figure)  moved  parallel  to  this 
surface,  which  may  be  called  the  surface  of 
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rupture.  This  curve  was  determined  by 
noting  where  the  thin  layers  of  plaster  be¬ 
gan  to  break,  which  was  easily  done  ;  it 
remained  invariable  as  the  rotation  of  the 
wall  was  increased,  even  up  to  30°  for  a 
horizontal  surface  of  earth ;  but  on  com¬ 
pleting  the  rotation  by  lowering  the  retain- 
ing-board  to  the  horizontal,  the  curve 
moved  slightly  to  the  rear,  and  the  earth 
finally  took  its  natural  slope.  In  this  first 
movement,  the  particles,  moving  all  parallel 
to  the  surface  of  rupture,  had  velocities 
proportional  to  their  distances  from  this 
surface.  In  fact,  since  the  mass  to  the  left 
of  the  curved  surface  was  invariable  during 
a  part  of  the  rotation,  it  follows  that  the 
areas  of  the  triangular  bases  remained 
constant,  and  that  their  vertices  (the  in¬ 
tersection  of  the  surface  of  earth  with  the 
wall)  must  move  parallel  to  the  curved 
surface  of  rupture.  The  full  friction  of  the 
earth  teas  exerted  against  the  wall,  so  much 
so,  in  fact,  as  to  raise  the  earth  next  the 
wall  slightly,  and  thereby  diminish  its 
density. 

The  convex  surface  of  rupture,  roughly 


118  . 


speaking,  bisects  the  distance  from  where 
the  upper  surface  meets  the  wall,  to  where 
the  horizontal  through  the  last  point  meets 
the  line  of  natural  slope  through  the  foot 
of  the  wall ;  thus  for  high  surcharges 
differing  essentially  from  theory. 

The  same  conclusions  were  found  to 
hold  when  the  retaining- wall  was  moved 
parallel  to  itself,  except  that  the  curve  of 
disjunction  tended  from  the  start  to  move 
towards  the  interior  of  the  mass. 

•  Similar  conclusions  were  found  to  hold 
for  millet  seed  or  for  large  rocks  as  back¬ 
ing  ;  and  the  surfaces  of  the  bases  'of  the 
prisms  of  rupture  were  found  to  be  similar 
figures  for  heights  varying  from  0.66  to 
6.56  feet  so  that  their  areas  can  be  sup¬ 
posed  to  vary  directly  as  the  squares  of 
their  heights  in  accordance  with  theory. 

The  angle  of  friction  of  earth  on  the 
rough  wooden  board  was  found  to  be 
<f)'  —  39°,  for  earth  on  glass  <f>'  =  24°  30'  • 
and  yet,  when  a  glass  wall  was  used,  the 
surfaces  of  the  mass  of  rupture  were  in¬ 
creased  only  about  six  per  cent.,  or  they 
were  practically  the  same. 


These  surfaces  for  millet  seed,  whose 
natural  slope  was  two  base  to  one  rise, 
were  thirty-seven  per  cent,  greater  than 
for  sand  with  a  horizontal  top  surface,  and 
about  double  for  a  surcharge  sloping  at 
two  to  one.  The  following  table  gives  the 
values  of  x  and  y  (Fig.  11)  for  li  =  1  for 
different  inclinations  of  the  surcharge  i  to 
the  horizontal,  and  inclinations  a  of  the 
wall  to  the  vertical,  counted  positive  where 
the  wall  is  to  the  right  of  the  vertical  or 
leans  towards  the  earth,  and  negative 
when  to  the  left  5  also  the  greatest  dej)ar- 
ture /of  the  curve  of  disjunction  from  its 
chord,  and  the  areas  of  the  bases  of  the 
prisms  of  rupture,  all  referring  to  sand 
whose  angle  of  repose  was  =  33°42'^ 
or  a  slope  of  I2  to  1 : — 
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Table  No.  1. 


tan  i 

tan  a 

y 

X 

/ 

.Vreas  of  Bases 
of  Prisms 
of  Rupture. 

0 

1 

—  ^ 

0 

0.552 

0.088 

0.394 

0 

0 

0.662 

0.053 

.290 

+  5 

0 

0.786 

0.031 

.201 

0 

0.858 

0.022 

.161 

2 

3 

0 

0.933 

0.015 

.127 

1 

1 

3 

0.885 

1.437 

0.120 

0.853 

0 

0.662 

1.324 

0.077 

.558 

0.453 

1.239 

0.047 

.322 

1 

2 

0.358 

1.216 

0.033 

.236 

2. 

3 

0.267 

1.200 

0. 

.172 

2. 

3 

1 

3 

1.770 

2.322 

0.150 

1.338 

0 

1.324 

1.986 

0.096 

.818 

+  i 

1.161 

1.692 

0.059 

.454 

0.1)06 

1.574 

0.040 

.319 

2 

3 

0.716 

1.437 

0. 

.220 

For  any  value  of  li  as  3,  we  find  tlie  cor¬ 
responding  values  X,  and  f  by  multiply¬ 
ing  the  tabular  'values  by  3,  and  for  the 
areas  by  multiplying  by  3^  =  9.  Interme¬ 
diate  values  are  easily  obtained  by  inter¬ 
polation. 

55.  Surcharge  uniformly  distributed. — If 
we  conceive  a  vertical  wall  backed  by 
earth  level  with  its  top,  of  height  h,  with  a 
further  surcharge  of  earth  vertically  over 
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the  first  of  a  uniform  height  h' ,  and  pre¬ 
vented  from  spreading  by  the  sides  of  the 
box,  and  a  movable  board  in  front  in  pro¬ 
longation  of  the  first  retaining-wall,  we 
have  the  conditions  of  the  experiment. 
As  the  lower  wall  was  rotated,  the  earth 
escaped  from  under  the  other,  and  the  sur¬ 
face  of  rupture,  which  still  passed  through 
the  foot  of  the  lower  wall,  was  no  longer 
found  to  be  a  simple  convex  curve.  The 
lower  part  was  as  before  j  but  near  the  top 
of  the  lower  wall  it  deflected  nearly  verti¬ 
cally  upwards  for  a  short  distance,  and 
then  again  towards  the  interior,  thus  pre¬ 
senting  two  points  of  inflection,  and  giving 
a  much  less  surface  of  rupture  than  theory 
would  seem  to  demand.  It  is  true,  though, 
that  much  of  the  weight  of  the  surcharge 
was  held  by  friction  by  the  upper  wall,  so 
that  theory  no  longer  applies.  (See  exper¬ 
iments  recorded  in  ^^Engineering  News” 
for  May  15  and  29, 1886,  giving,  by  weigh¬ 
ing,  the  exact  weight  of  sand  held  up  by 
the  sides  of  a  box  when  the  bottom  was 
gradually  lowered.) 

56.  Values  of  the  Moment  m  as  obtained  by 
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Experiment. — To  ascertain  the  moment  of 
the  earth-thrust  against  the  foot  of  the 
inner  face  of  the  retaining-hoard  (Fig.  11), 
the  force  applied  at  the  upper  end  of  the 
frame  constituting  the  extension  of  the 
board,  and  perpendicular  to  its  direction, 
that  was  necessary  for  exact  equilibrium, 
as  overturning  was  just  about  to  begin, 
was  measured  by  the  tension  of  a  rope 
passing  over  one  or  two  pulleys,  and 
weighted  at  the  further  end  by  a  weight  F. 
The  weight  of  the  board  and  frame,  when 
inclined,  was  balanced  by  the  pull  of  a  rope 
at  top.  Allowing  for  the  friction  of  the 
pulleys,  as  found  by  experiment  the  resist¬ 
ing  force  applied  at  the  top  of  the  frame, 
2.46  feet  from  the  toe  of  the  wall,  was  1.05 
F  on  an  average,  and  its  moment  about 
the  toe  was  l.OS  F'  X  2.46.  This  must 
balance  the  moment  of  the  earth-thrust, 
which,  for  a  length  pressed  of  1.3  feet, 
would  be,  if  the  sides  of  the  box  did  not 
cause  friction,  mel^  x  1.3  (Art.  51),  whence 
m  can  be  found  when  A",  e  and  li  are  given. 
But  the  lateral  pressure  of  the  sand 
against  the  sides  of  the  box  causes  fric- 
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tion,  and  tlius  hinders  the  forward  motion 
of  the  sand,  and  thus  diminishes  the 
thrust.  To  estimate  its  influence,  Leygue 
follows  Darwin’s  plan  of  measuring  the 
force  F'  (corresponding  to  .F)  when  a  par¬ 
tition-board  of  thickness  t  is  placed  per¬ 
pendicular  to  the  wall,  and  centrally  in  the 
mass.  As  the  retaining-board  does  not 
receive  the  full  pressure  on  its  length,  1.3 
feet,  which  call  d,  we  can  suppose,  for  no 
central  board,  the  thrust  exerted  on  a  less 
length  \d  =  {d — 2x)  to  correspond  to  a 
full  thrust  if  the  sides  exerted  no  influ¬ 
ence.  Here  A.  is  a  co-efficient  of  contrac¬ 
tion  analogous  to  that  used  in  the  case  of 
liquids,  and  x  represents  the  total  contrac¬ 
tion  caused  by  one  side  of  the  box.  The  ratio 
of  the  forces  F  and  F'  will,  therefore,  be, 
F  ^  d  —  2x 

d—t  —  4:X 

since  the  full  thrust,  when  the  centre 
board  is  used,  acts  only  on  the  length 
(d  —  t  —  4ix)  as  the  influence  of  the  fric¬ 
tion  of  four  side  walls  has  now  to  be  con¬ 
sidered.  The  forces  F  and  F'  were 
directly  measured,  and  the  values  of  x 
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found  from  the  last  equation,  which,  sub¬ 
stituted  in  the  preceding  equation,  gave 
the  co-efficients  of  contraction  A.  For 
level-topped  earth  1  —  A  was  found  to 
amount  to  5^,  and  for  the  surface  sloping 
at  the  angle  of  repose  to  as  much  as  15^, 
which  illustrates  the  marked  influence  of 
counterforts  in  diminishing  the  actual 
thrust  exerted  against  the  face  wall.  The 
results  can  be  represented  by  the  formula, 

A  =  0.135  (7  —  tan  i)  j 

hence  the  true  value  of  m,  corresponding 
to  the  full  thrust  if  there  were  no  side 
walls,  is  to  be  found  from  the  equation, 
1.05  F  X  2.46 

=  1.3  X  meh^  X  0.135  (7  —  tan  i). 

57.  The  values  of  F,  as  found  by  exper¬ 
iment,  corresponding  to  h  =  0.66  feet  or 
less,  and  e  =  S9  pounds  per  cubic  foot, 
enable  us  to  compute  the  values  of  m  given 
in  the  next  table. 

The  values  of  m  for  millet-seed,  whose 
angle  of  repose  is  26“  34',  or  tan 
are  likewise  inserted,  being  obtained  by 
experiment  in  the  way  indicated  above. 
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Table  No.  2. 


e 

a 

Values 

or  9n  FOB  Sand. 

Values  of  m  fob 
Millet-Seed. 

ci 

tan  i=  0. 

tan  i= 

tan  i=?3. 

tan  0. 

tan  i=  X- 

_ 3 

*> 

0.535 

0.970 

1.329 

_ T 

T 

.241 

.425 

.574 

— 

— 

_ 2. 

O 

.152 

.260 

.356 

— 

— 

1 

3 

.003 

.103 

.136 

0.084 

0.154 

0 

.030 

.047 

.005 

.057 

.106 

1 

3 

.015 

.024 

.032 

.037 

.063 

2 

3 

.000 

.014 

.018 

— 

— 

a 

¥ 

0 

0 

0 

— 

— 

58.  To  these  most  valuable  observations 
are  to  be  added  those  o£  Mr.  George  Dar¬ 
win,  Trinity  College,  Cambridge,  made 
in  a  box  0.72  feet  long,  1.8  feet  high,  and 
1  foot  wide,  after  the  manner  explained 
above. 

Vertical  wall,  hacking  in  horizontal 
layers  not  compacted .  .  .  .  =  0.030 

Do.  compact  filling  .  .  .  .  ilf  =  .022 
Vertical  wall,  backing  sloping  back¬ 
wards  at  3  to  2 . =  .0275e/t® 

Do.  layers  sloping  upwards  at  3  to  2,  =  .  0315^/4  ® 

Mean  for  loose  earth  ....  Jf  =  0.030 

The  co-efficient  0.030  is  the  same  as  that 
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given  above  for  level-topped  earth ;  but  for  a 
surcharge  sloping  at  the  angle  of  repose  33° 
42',  Mr.  Darwin  found  m  —  0.048,  whereas 
Leygue’s  constant  =  0.065.  Leygue  sug¬ 
gests  that  this  difference  is  to  be  accounted 
for  from  the  small  size  of  the  box,  which 
caused  the  prism  of  thrust  to  be  truncated. 

It  is  doubtful  whether  Leygue^s  constant 
is  great  enough  for  a  mass  sloping  indefi¬ 
nitely,  for  the  prism  of  rupture  for  earth  at 
the  natural  slope  was  barely  contained  in 
his  box.  Still,  theory  does  not  indicate  a 
marked  increase  in  the  thrust  for  very  high 
surcharges,  over  those  about  equal  to  the 
height  of  wall ;  but  we  have  seen  in  Art.  41 
that  theory  gives,  for  the  surface  sloping  at 
the  angle  of  repose,  33°  42',  a  thrust  nearly 
double  that  corresponding  to  a  surface 
slope  of  only  7°  less  in  place  of  the  ratio 
65  to  47  given  in  the  table.  It  is  just  here  . 
that  we  should  expect,  and  will  find,  the 
greatest  divergencies  between  theory  and 
experiment;  for  cohesion  is  much  more 
marked  for  a  long  surface  of  rupture  than 
for  a  short  one,  which  doubtless  causes  the 
surface  of  rupture  in  the  experiments  to 
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lie  much  nearer  the  vertical  than  theory 
would  indicate.  This  divergence  becomes 
still  more  marked  for  walls  leaning  back¬ 
wards,  as  we  shall  see  farther  on. 

59.  The  experiments  of  M.  Gobin  (1883) 
were  of  the  same  character  as  those  of 
Darwin  and  Leygue,  though  not  so  exten¬ 
sive  as  those  of  the  latter.  Leygue’s  re¬ 
sults  are  about  14^  inferior  to  Gobin’s, 

’  which  Leygue  asserts  is  due  to  the  stiffness 
of  the  cords  used,  and  the  large  (20^  of 
the  load)  friction  resistance  of  the  pulleys, 
the  stiffness  of  the  hinges  used  at  the  foot 
of  the  board,  manner  of  filling  in,  and 
lastly  the  appreciation  of  the  instant  of 
sensible  movement. 

60.  Direct  Estimation  of  the  Normal  Com- 
portent  of  the  Earth-Thrust^  and  of  its  Point 
of  Application — To  estimate  the  normal 
component  of  the  thrust,  the  same  box 
(Fig.  11)  was  usedj  but  the  single  board 
was  re^Dlaced  by  a  frame  containing  two 
parallel  boards  separated  by  springs,  whose 
compression  gave  a  direct  measure  of  the 
thrust.  The  normal  component  of  the 
weight  of  the  inner  movable  panel  was 
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equilibrated  by  the  pull  o£  a  rope  passing 
over  a  pulley  when  the  panel  was  inclined 
to  the  rear,  and  directly  measured  by  the 
springs,  and  allowed  for  when  it  was  in¬ 
clined  forward.  The  movable  panel  was 
likewise  equilibrated  for  the  friction  caused 
by  the  rubbing  of  the  earth  in  its  double 
movement  of  sinking  and  translation,  by 
the  pull  of  ropes  acting  upwards  in  the 
plane  of  the  j^anel,  which  thus  prevented 
the  scraping  of  the  panel  on  the  bottom  of 
the  box.  Direct  experiment  showed  that 
the  force  necessary  to  slide  the  panel  up¬ 
wards,  when  the  full  earth-thrust  was 
exerted  against  it,  was  about  equal  to  the 
normal  component  Ei  multiplied  by  the 
co-efficient  of  friction  f  —  tan  as  has 
been  hitherto  assumed;  so  that,  to  get  the 
resultant  pressure  on  any  wall,  we  must 
combine  the  value  of  found  bv  aid  of 
the  following  table  with  E^  tan  </>,  which 
thus  gives  the  direction  of  the  pressure  as 
inclined  below  the  normal  to  the  wall  at 
the  angle  4*.  The  method  of  experiment¬ 
ing  was  to  fill  in  behind  the  movable  panel, 
equilibrated  as  explained,  and  kept  tempo- 
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rarily  at  tlie  same  distance  from  the  fixed 
panel  by  a  fastening  j  then  the  fastening 
was  suddenly  removed,  and  the  earth  sud¬ 
denly  exerted  its  thrust,  so  that  the  com¬ 
pression  of  the  springs  following  was  double 
that  due  to  the  constant  thrust  of  the 
earth.  Calling  half  the  force  measured  by 
the  springs  on  a  length  c?,  and  for  the 
vertical  projection  of  the  area  pressed 
equal  to  h  X  d^  we  have,  admitting  the 
law  of  the  parabola  (Art.  51), 

=  K,  elfi\d, 

where  A,  as  before,  is  a  co-efficient  of  con¬ 
traction.  The  value  of  A.  was  determined 
as  explained  in  Art.  57,  by  experiments 
with  the  spring  apparatus,  to  be  A  :=  0.120 
(7  —  tan  i). 

From  these  formul^e  the  value  of  was 
obtained  as  given  in  the  following  table. 

•  By  multiplying  by  sec  we  obtain  the 

co-efficient  K  in  the  formula  for  the  total 

earth  thrust,  E  =  Kelfi,  on  a  wall  one  foot 
» •  ' 

long. 

By  taking  the  foot  of  the  movable  panel 
as  a  centre  of  moments,  we  have  the 
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moments  o£  the  forces  recorded  by  the 
springs  equal  to  the  moment  of  the  double 
earth-thrust,  from  which  the  point  of  ap¬ 
plication  of  the  latter  can  be  readily  found. 
Calling  the  fraction  of  the  height  from  the 
base  to  the  point  of  application  of  the  earth- 
thrust  c,  we  thus  obtain  the  quantities  in 
the  column  headed  c  in  the  next  table. 


Table  No.  3. 


e 

Pi 

Spring  Appa¬ 
ratus. 

c 

Spring  Appa¬ 
ratus. 

A'l 

•  Aja 

tan  i=  0 

tan  i=  0 

X 

tan  0 

X 

% 

_ 3 

2 

0  418 

0.461 

0.485 

0.712 

1.223 

1.519 

_ 1 

T 

.432 

.467 

.486 

.390 

.645 

.836 

O 

3 

.439 

.467 

.485 

.243 

.367 

.508 

.437 

.462 

.480 

.136 

.211 

.271 

0.165 

0.271 

0.366 

0 

.425 

.448 

.470 

.071 

.104 

.137 

.094 

.147 

.188 

.401 

.429 

.455 

.038 

.054 

.067 

.048 

.071 

.090 

3 

.383 

.411 

.438 

.019 

.029 

.034 

.023 

.032 

.040 

61.  It  seemed  to  the  writer  that  it  would 
be  of  interest  and  value  to  use  the  areas 
of  the  bases  of  the  prisms  of  rupture 
(Art.  54)  to  represent  G  in  Fig.  3,  Art.  21, 
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and  by  the  method  indicated  there  to  find  E 
and  E^  =  Ki^  when  e  =  \  and  h  =1. 

The  actual  surfaces  given  in  Leygue^s 
tables  were  used,  and  the  constructions 
effected  on  his  drawings,  using  the  chord  of 
the  line  of  rupture  as  giving  the  average 
direction  of  the  corresponding  surfaces  of 
rupture. 

The  values  thus  found  of  this  normal 
component,  which  is  termed  are  given 
in  the  table  just  to  the  right  of  the  values  of 
Ki  as  given  by  the  spring  apparatus  for 
comparison,  and  it  will  be  observed  that 
they  are  uniformly  larger  than  the  values  of 
K^.  To  find  the  distance  to  the  point  of 
application  of  the  thrust  for  1i—l,  we 
have  to  divide  m  of  the  table  of  Art.  57,  by 
JiTj®  sec  n',  and  the  results  are  given  in  the 
following  table.  As  it  is  of  value  in  this 
connection,  the  same  thing  was  done  for 
millet-seed,  where  tan  </)  =  26°34'j 

the  moments  being  taken  from  the  table. 
Art.  57,  and  the  thrusts  /Pi  being  found 
by  taking  the  volumes  of  the  prisms  of  rap¬ 
ture  as  given  by  experiment,  and  finding 
E^  from  the  construction  shown  in  Fig.  3. 
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Table  No.  4. 


For  Sand. 

Millett-Seed. 

BY 

tan  a 

tan  i 

_  m  cos  a 

a  m  cos  a 

Theory 

^  Kia 

K^a 

c 

1 

3 

0 

0.363 

0.381 

1 

3 

1 

3 

.360 

.363 

i 

3 

1 

3 

A 

3 

.352 

1 

3 

0 

0 

.319 

.420 

J 

3 

0 

1 

.326 

.450 

1 

3 

0 

A 

3 

,346 

J 

3 

1 

3 

0 

.296 

.389 

1 

3 

1 

3 

.321 

.427 

1 

3 

1 

3 

2 

3 

.337 

1 

3 

•A 

3 

0 

.325 

1 

3 

f 

,366 

J 

3 

2 

3 

1 

.375 

1 

3 

Average. 

0.340 

0.405 

Since  the  actual  wedges  o£  rupture,  by 
experiment,  vary  as  the  squares  o£  the 
heights,  should  equal  one  third,  £rom 
which  it  does  not  differ  very  greatly  tor 
sand.  We  should  conclude  £rom  the  value 
o£  c  given  by  the  apparatus  with  springs, 
that  the  point  o£  application  o£  the  thrust 
was  considerably  above  the  i  h  given  by 
theorv, lying  generally  between  0.4  and  0.5, 
which  last  value  it  can  never  equal.  But^ 
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taking  the  thrusts  due  to  the  actual  wedges 
of  rupture,  the  values  are  much  nearer  the 
theoretical.  Neither  method  is  exact,  since 
in  the  first  case,  as  the  sand  advanced,  it 
rubbed  on  the  bottom,  and  thus  hindered 
the  advance  there  more  than  at  the  top ; 
and,  in  the  second  case,  the  wedge  of  rup¬ 
ture  cannot  act  as  an  invariable  solid 
sliding  down  two  planes  at  once  as  theory 
requires.* 

It  can  be  said,  though,  in  support  of 
Leygue’s  values  of  Jf,  and  c,  that  their  pro¬ 
duct  gives  almost  exactly  the  value  of  m 
(Art.  57),  determined  in  an  entirely  difEer- 
ent  manner,  and  the  results  are  of  course 
correct  for  a  wall  that  has  slid  about  the 


1  Perhaps  a  correct  value  of  the  horizontal  thrust  could 
be  obtained  by  putting  a  wide,  though  light  retaining- 
wall  on  wheels,  and  attaching  cords  to  the  bottom  hori¬ 
zontally  to  the  rear,  where  they  could  pass  over  pulleys, 
and  weights  be  attached  sufficient  to  prevent  motion; 
then,  after  filling  in  the  sand  behind  the  wall,  the 
weights  can  be  diminished  until  motion  just  begins,  and 
the  horizontal  component  of  the  thrust  read  off,  allowing 
for  friction.  The  wheels  could  preferably  be  of  the  kind 
used  on  sliding  doors  to  diminish  friction  as  much  as 
possible,  as  the  vertical  component  of  the  thrust  would 
add  to  it  considerably,  which,  however,  could  be  equili¬ 
brated  as  in  Leygue’s  experiments. 
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average  compression  o£  the  springs ;  but  it 
is  possible  that  the  initial  thrust  before 
the  wall  gives  is  somewhat  different. 

The  average  of  c  given  by  Leygue^s 
spring  apparatus  for  millet-seed  was  0.417, 
or  less  than  for  sand  5  and  he  therefore 
concludes  that  c  approaches  its  theoretical 
value  as  diminishes. 

62.  Influence  of  tlie  Character  of  the  Re¬ 
taining-  Wall. — When  the  retaining-boards 
were  of  glass,  it  was  found  that,  on  an 
average, 

1  =  1.019 ;  ^  =  1.02  and  —  =  1.053, 
c  Ki  m 

where  c',  /f/,  and  m'  refer  to  the  quanti¬ 
ties  obtained  with  a  glass  wall,  and  c,  JTi, 
and  m  to  the  roughened  wooden  one.  For 
the  wood  on  sand,  tan  =  0.810,  and  for 
the  glass,  tan  =  0.456. 

63.  Surcharge  imiformly  distributed. — For 
the  case  of  Art.  55,  the  following  values 
were  found  with  the  apparatuses  before 
used : — 
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Table  No.  5. 


Height  of 
Surcharge. 
h' 

Centre  of 
Pressure 

C3 

K^s 

ms 

0.00 

0.425 

0.070 

0.030 

0.5h 

0.434 

0.094 

0.042 

iXh 

0.440 

0.117 

0.051 

These  are  much  lower  values  than  the  ordi¬ 
nary  theory  of  Art.  50  would  give^  which, 
however,  is  hardly  applicable  here. 

As  K  varies  between  0  and  /i,  we  can 
express  the  values  of  c,  Ki,  and  by  the 
following  empirical  formulae : — 

c’  =  c  (l  +  0.035^0  ;  = 

+  0.66  ;  »«•  =  m{l  +  0.7 

where  c,  and  m  refer  to  li  —  0. 

For  h  —  h'j  the  value  of  JE  given  by  the 
formula  of  Art.  50  is  about  double  that 
found  by  experiment,  and  the  centre  of 
pressure  lies  above  in  the  ratio  of  1.333  to 
1.035. 

64.  Comparison  with  Theory. — In  the  follow- 
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ing  table  are  given  the  theoretical  values, 
side  by  side  with  those  obtained  from  actual 
experiment,  for  the  angle  that  the  plane  of 
rupture  makes  with  the  horizontal,  and  also 
the  values  of  K  and  m  in  the  formulas  for 
the  total  thrust,  JE^E^  sec 
sec  (f>  •  (Arts.  42  and  51),  and  for  the 
moment  about  the  inner  toe  of  the  wall, 
M=meh^.  Tan  a  is  regarded  as  minus  when 
the  wall  is  inclined  away  from  the  earth, 
and  plus  when  inclined  towards  the  earth. 


Table  No.  6. 


tan  a 

tan  i 

Angle  of  Rup¬ 
ture  WITH  THE 
Horizontal. 

Co-efficient 

K  OF 

THE  Thrust 
E^Keh^. 

Co-efficient 

m  OF 

OVERTURNING 

Moment. 

M=meh^. 

Theory. 

Experi¬ 

ment. 

Theory 

Experi¬ 

ment. 

Theory 

Experi¬ 

ment 

1 

— s 

0 

60°21' 

61^10' 

0.222 

0.163 

0.065 

0.063 

1 

2 

50° 

58°  10' 

.411 

.254 

.120 

.103 

Z 

3 

3304O' 

57° 

.750 

.325 

.232 

.136 

0 

0 

56°36' 

56°30' 

0.133 

0.085 

0.037 

0.030 

4703O' 

54°50' 

.214 

.125 

.060 

.047 

2 

3 

33°40' 

54°10' 

.416 

.165 

.115 

.065 

1 

3 

0 

50°12' 

51°50' 

0.072 

0.046 

0.021 

0.015 

1 

9 

44°48' 

51°10' 

.109 

.065 

.032 

.024 

2. 

3 

3304O' 

5O05O' 

.218 

.082 

.064 

.032 
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It  will  be  observed  that  for  i  =  0,  the 
values  of  the  angles  of  rupture  as  given  by 
experiment  (average  inclination  of  the 
curved  surface  of  rupture  was  taken)  agree 
well  with  theory,  as  also  the  values  of  m; 
but  for  surcharged  walls  the  theoretical  and 
actual  values  differ  materially,  especially 
for  tan  for  which  value  for  a  leaning 
wall  the  theoretical  moment  is  double  the 
actual.  This  has  been  partly  foreseen, 
since  for  tan  the  theoretical  plane  of 
rupture  approaches  indefinitely  the  natural 
slope  in  direction,  which  calls  for  an  infin¬ 
itely  great  wedge  of  rupture.  The  theoreti¬ 
cal  thrust,  however,  does  not  differ  material 
lyfrom  one  corresponding  to  a  plane  of  rup¬ 
ture  lying  much  nearer  the  vertical,  as  has 
been  hitherto  mentioned  j  so  that  the  differ¬ 
ence  must  be  due  to  some  other  cause,  in 
which  cohesion,  of  course,  plays  some  part. 

.Whatever  may  be  thought  of  the  values 
of  e  and  Ah  obtained  by  the  spring  appa¬ 
ratus,  there  can  be  no  question  about  the 
accuracy  of  the  value  of  wq  which  is  of 
predominating  influence  where  overturning 
is  considered. 
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65.  Stability  of  Betaining-  Walls  against 
Overturning.  —  To  illustrate  tlie  use  of 
Leygue’s  constants  in  testing  the  stability 
of  a  retaining-wall  of  height  li  (Art.  51)  by 
a  graphical  method,  we  first  compute  the 
values  E  =  El  sec  4)'  —  Ki  sec  elfi  (put 
4>  for  Tvhen  cf)'  >  and  eh  from  the 
assumed  values  e  and  h,  and  the  values  of 
the  constants  c  and  Ki,  derived  from  the 
table  (Art.  60) ;  then  lay  off  to  scale  E 
from  the  inner  face  of  the  wall,  at  a  verti¬ 
cal  height  equal  to  eh  above  the  base,  and 
making  an  angle  below  the  normal  to  the 
inner  face  equal  to  (or  </>  if  ^'  >  as  in 
Fig.  3,  and  then  combine  this  thrust  with 
the  weight  of  the  wall  W,  acting  along  the 
vertical  through  its  centre  of  gravity,  to 
find  the  resultant  on  the  base.  Its  inter¬ 
section  with  the  base  gives  the  centre  of 
pressure  on  the  base  ;  and  this  point  should 
at  least  lie  within  the  middle  third  of  the 
base,  for  reasons  given  in  Chap.  I.  The 
wall  need  not  be  drawn  for  more  than  half 
its  height ;  and,  if  the  drawing  is  made  to 
a  large  scale,  the  results  are  very  accurate. 
This  graphical  method  should  always  be 
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used  in  testing  the  results  as  given  by  the 
method  of  moments  for  stability  against 
overturning. 

To  illustrate  the  use  of  the  method  of 
moments,  let  us  consider  a  wall  leaning 
towards  the  earth,  the  back  making  the 
angle  a  with  the  vertical,  and  suppose  the 
base  perpendicular  to  the  back,  and  of 
thickness  t. 

We  may  consider  three  forces  as  acting 
on  the  wall :  the  normal  component 
acting  at  a  height  cli  above  the  base,  or  at 
a  perpendicular  distance  cli  sec  a  from  the 
outer  toe  ;  the  friction  E^^  tan  (j>'  (use  4*  for 
cf>'  when  4>'  >  (f>)  of  the  earth  on  the  wall, 
acting  downwards  along  the  back  of  the 
wall  at  a  distance  t  from  the  outer  toe  j 
and,  lastly,  the  weight  W  of  the  wall, 
acting  along  the  vertical  through  its  centre 
of  gravity,  and  at  a  horizontal  distance  g 
from  the  outer  toe. 

If  we  call  (7  the  co-efficient  of  stability, 
or  the  factor  by  which  it  is  necessary  to 
multiply  the  normal  component  (leaving 
the  friction  at  the  back  of  the  wall  the 
same)  to  cause  the  resultant  on  the  base 
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to  pass  througli  the  outer  toe,  we  have, 
taking  moments  about  the  outer  toe, 

Wg  =  El  {(T  cli  sec  a —  tan  .t) 

=  Ki  G  c  sec  a  eli^  —  E2t 

.  • .  11^  —  a  melt^  —  E2t ; 

since  (Art.  51),  Ki  c  sec  a 

=  m  and  Ei  tan  —  E2. 

The  factor  of  safety,  o',  was  not  made 
to  increase  the  total  friction  at  the  back  of 
the  wall,  because  the  usual  causes  which 
influence  and  increase  the  thrust  are  pass 
ing  loads  and  rains  5  and  the  latter,  in  lubri¬ 
cating  the  surfaces  of  contact,  would  prob¬ 
ably  cause  the  total  thrust  on  the  wall  to 
approach  nearer  the  normal  than  before, 
so  that  it  is  not  safe  to  consider  the  fric¬ 
tion  increased  in  the  same  ratio  as  the 
normal  thrust. 

The  formula  gives  m  as  the  controlling 
constant  in  the  right  member.  If  we  take 
this  constant  from  the  table  in  Art.  57, 
where  it  was  accurately  found  from  experi¬ 
ments  on  rotating  retaining-boards,  the 
result  should  closely  agree  with  the  reality; 
for  the  term  E-zt  is  of  minor  importance. 
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and  in  case  Leygue’s  values  of  and  con¬ 
sequently  of  E2=Ei  tan  are  too  small, 
the  only  effect  is  to  add  to  the  stability  of 
the  wall  designed  by  the  above  formula, 
and  is  therefore  on  the  side  of  safety. 

From  the  above  formula  we  can  ascer¬ 
tain  the  factor  of  safety  (j  for  a  given  wall, 
or  for  a  given  stability  find  the  thickness  t 
(on  expressing  TFand  g  SiS  a  function  of  t)j 
when  the  other  quantities  are  assumed. 
For  O'—!  we  have  exact  equilibrium  about 
the  outer  toe,  supposing  no  crushing  there. 

See  Art.  68  for  the  derivation  of  a  more 
general  formula  when  the  base  of  the 
wall,  of  length  is  horizontal. 

For  the  case  above  to  find  the  distance  u 
from  the  inner  toe  of  the  wall  to  the  centre 
of  pressure  on  the  base,  call  =  horizontal 
distance  from  the  inner  toe  to  the  vertical 
through  the  centre  of  gravity  of  the  wall, 
and  we  have  the  equality  of  moments, 
about  the  centre  of  pressure,  of  W,  i^i), 
and  E2  expressed  as  follows: — 

W  {u  cos  a  —  g')  =  meh^  —  ti  -E'2, 
from  which  u  can  be  found,  and  the  centre 
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o£  pressure  located.  I£  u  =  §t,  there  will 
be  no  stress  at  the  inner  toe  (Art.  17),  and 
for  greater  values  of  u  the  joint  would  tend 
to  open.  The  wall  can  be  designed  by 
this  formula  for  any  given  value  of  ex¬ 
pressed  in  terms  of  t  if  preferred, 

66.  Stability  of  a  Hetaining-W all  against 
Sliding. — The  simple  test  in  this  case  is, 
that  the  resultant  on  the  base  of  the  wall 
shall  make,  with  the  normal  to  the  base, 
an  angle  less  than  the  angle  of  friction 
between  the  wall  and  its  foundation, — a 
condition  that  can  always  be  satisfied  by 
sufficiently  tilting  up  the  base  in  front, 
which  safeguard  should  never  be  neglected, 
particularly  for  dock  or  river  walls,  which 
generally  fail,  if  at  all,  by  sliding.  The 
angle  of  friction  of  masonry  on  wet  clay  is 
only  about  18°, 

It  is  equally  necessary  to  go  down  deep 
enough  for  a  firm  foundation,  or  to  drive 
piles,  preferably  in  the  direction  of  the 
resultant  on  the  base.  The  foundation- 
course  is  generally  made  larger  than  the 
base  of  the  wall,  to  better  distribute  the 
pressure  on  the  base. 


# 
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67.  Discussion  of  Experiments  on  Betain- 
ing-IValls.- — In  tlie  following  table  is  given 
a  resume  of  quantities  relating  to  a  number 
of  experimental  retaining-walls  all  at  the 
limit  of  stability  by  actual  experiment. 

The  eartb-tbrust  against  tbe  various 
walls  bas  been  computed  by  three  differ¬ 
ent  methods  : — 

1st,  By  theory  (Chaps.  II.  and  IIL). 

2d,  By  using  the  thrust  resulting  from 
the  actual  wedge  of  rupture  for  sand  as 
given  in  Art.  61,  using  value  Ki.  In 
both  these  cases  the  point  of  application 
was  taken  at  one-third  height  of  wall  from 
the  base. 

3d,  By  Leygue’s  method,  using  the  con¬ 
stants  and  c  for  sand  —  33°  42'), 
given  in  Art.  60. 

From  the  insufficiency  of  our  experi¬ 
mental  data  for  all  materials,  varying  in 
their  angle  of  repose  within  practical 
limits,  the  same  constants  had  to  be  used 
by  the  second  and  third  methods,  for 
varying  values  of  (when  between  33° 
and  40°),  which  strictly  apply  only  to 
■=  33°  42'. 


Table  No. 
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For  brevity  we  denote  by, — 
li  the  height" of  the  wall  in  feet, 
t  its  thickness  at  the  base, 
e  the  weight  per  cubic  foot  of  earth, 
w  the  weight  per  cubic  foot  of  wall, 
a  the  angle  the  inner  face  of  the  wall  makes 


with  the  vertical  counted  |  according 

{ towards » 


as  the  wall  leans 


1 


the  earth. 


(from 

i  the  angle  with  the  horizontal  of  the  top  sur¬ 
face  of  the  backing, 

4>  the  angle  of  repose  of  the  backing, 

«#>'  the  angle  of  friction  of  earth  on  wall, 
g  the  ratio  of  the  distance  from  the  centre  of 
pressure  on  the  base  of  the  wall  to  the  outer 
toe,  to  the  thickness  t,  using  first  method 
above  (theory), 

g'  ditto,  using  second  method,  or  actual  wedge 
of  rupture  (for  sand)  method, 
g  "  ditto,  using  Leygue’s  or  the  third  method, 
g,  q'  or  q"  will  be  taken-]-  or  —  according  as  the 
resultant  strikes  within  or  without  the  base 
of  the  wall. 


The  walls  were  all  of  uniform  cross-section, 
except  Nos.  8,  9,  and  10.  Walls  1,  3,  4,  8,  9,  10, 
were  of  wood  with  sand  backing,  except  the  first 
which  had  shingle  backing.  Lieut.  Hope’s  wall. 
No.  2,  was  of  bricks,  with  ordinary  earth  for  back¬ 
ing.  Curie’s  waU,  No.  7,  was  in  Portland  cement, 
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backed  by  damp  sand;  but  Nos.  8,  9,  and  10  were 
peculiar  triangular  frames,  whose  inner  faces  made 
the  angles  27°  30'  and  53°  with  the  vertical  (see 
Curie’s  “Poussee  des  Terres,”  Paris,  1870,  and 
“Trois  notes”  in  1873).  In  No.  8  the  face  exactly 
coincided  with  the  “limiting  plane ”  (Ai*ts.  28 and 
41),  and  in  Nos.  9  and  1 0  was  below  it ;  so  that  the 
thrust  for  No.  8  was  found  as  usual,  the  values  of 
, ,  and  being  interpolated  from  the  tables. 
But  for  Nos.  9  and  10  the  thrust  was  first  found 
on  the  limiting  planes,  respectively  27°  30'  and  28° 
15'  to  the  left  of  the  vertical,  which  was  then  com¬ 
bined  with  the  weight  of  earth  and  frame  to  the 
left,  assuming  the  thrust  on  the  limiting  plane  to 
make  an  angle  ^  with  the  normal,  as  theory  de¬ 
mands. 

In  wall  No.  7  the  surcharge  extended  entirely 
over  the  top  of  the  wall  to  a  height  of  4.26  feet, 
and  was  then  level.  The  values  of  g  and  q"  were 
not  found  for  this  wall,  since  </>  =  45°  was  so  much 
g]’eater  than  33°  42',  to  which  q'  and  q"  refer.  In 
wall  No.  1  the  earth  did  not  reach  the  top  of  the 
wall  by  0.25  feet.  Gen.  Pasley’s  wall  was  omitted 
from  this  list,  as  possibly  the  base  was  imperfect, 
since  the  theoretical  force  necessary  to  apply  at 
the  top  to  overturn  it  was  to  the  actual  as  20. 6  to 
17.53.  The  value  of  q,  however,  was  found  to  be 
-f-  0.12,  and  of  g'  .08  for  A  =  2.17  feet,  i  =  0.67 

^oet  ~  =  1.06,a  =  i=  0°,  and  </>  =  </>'=  39°.  The 
w 
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values  of  g,  q\  and  q"  were  found  for  some  stable 
walls,  not  quite  at  the  limit  of  stability,  to  be  posi¬ 
tive  as  they  should  be.  All  of  the  values  of  7i, 
given  in  the  third  column  of  the  table,  are  simply 
averages  of  several  values  found  by  the  experi¬ 
menters  under  the  same  conditions. 

It  is  stated  by  Flamant,  that  a  retaining-wall 
made  of  a  very  light,  empty  wooden  box,  of  a 
width  slightly  greater  than  the  height,  and  hin¬ 
dered  from  sliding  by  a  small  obstacle  placed  at  the 
exterior  edge,  which  did  not  interfere  with  rotation, 
was  just  able  to  support  the  thrust  of  sand,  filled  in 
to  the  height  of  the  box.  This  experiment  has 
afforded  ground  for  ingenious  speculation,  but  is 
perfectly  explained  if  we  take  the  co-efficient  of 
friction  of  sand  on  the  side  of  the  box  at  about  one- 
third.  The  experiment  should  have  been  com¬ 
pleted  by  ascertaining  the  value  of  this  co-efficient. 

It  may  be  of  interest  to  state  that,  using  Ean- 
kine’s  formula  (16),  p.  99,  for  the  thrust  ard  ignor¬ 
ing,  as  he  does,  the  friction  at  the  back  of  the  wall 
for  (X  =  0^  i  =  0,  the  values  of  q  for  walls  1,  2,  3, 
4,  5  of  Table  7  are  found  to  be,  —0.79,  —0.58, 
_0.74,  -1.33,  -0.33. 

An  inspection  of  the  average  values  of 
q,  q  and  in  the  table  shows  that  they 
are  very  near  zero,  except  for  walls  leaning 
towards  the  earth,  where  “theory” diverges 
greatly  from  the  reality.  For  vertical  tvalls, 
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with  earth  level  at  top,  either  method  gives 
practically  the  same  results  when  cf>  is  near 
33°  42',  to  which  the  experimental  con¬ 
stants  alone  apply.  W e  can  then  use,  with 
confidence,  either  method.  It  is  likewise 
seen  from  experiments  11  to  14  on  leaning 
walls  that  theory  fails  here,  but  that  g'  and 
g'  are  practically  the  same;  so  that  either 
the  second  or  third  methods  can  be  used. 
It  was  an  agreeable  surprise  to  find  that 
the  second  method  gave  as  good  results  as 
the  third  throughout.  As  it  is  a  very  simple 
thing  to  find  by  experiment  with  any  earth, 
the  actual  wedge  of  rupture,  the  practical 
value  of  this  discovery  is  evident,  as  it  can 
then  be  used,  as  explained  in  the  preced¬ 
ing  chapters,  to  evaluate  the  thrust. 

It  is  a  little  disappointing  that  the  third 
method,  using  Ley gue’s  constants,  does  not 
agree  more  exactly  with  his  experimental 
retaining-walls.  To  point  out  the  discrep¬ 
ancies  more  fully,  the  value  of  /^,  for  the 
assumed  t  =  0.1  foot,  were  computed  by 
Leygue’s  method  (third),  and  by  theory 
(first  method),  and  compared  with  the 
average  value  given  by  his  experiments. 
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Table  No.  8. 

t  ASSUMED  AND  h  COMPUTED. 


No. 

Actual. 

t. 

By  Leygue’s 
Method. 
h 

By 

Experiment. 

h 

By  Theory. 
h 

Feet. 

Feet. 

Feet. 

Feet. 

5 

0.1 

0.443 

0.367 

0.436 

6 

0.1 

.321 

.285 

.306 

11 

0.1 

.755 

.755 

.669 

12 

0.1 

.492 

.476 

.371 

13 

0.1 

1.230 

1.310 

.961 

14 

0.1 

.692 

.738 

.456 

To  judge  from  these  experiments  on  the 
very  small  model  walls,  we  should  natur¬ 
ally  infer  that  Leygue’s  method  gave  the 
thrust  too  small  for  vertical  walls,  and  too 
great  for  walls  leaning  at  an  inclination  of 
■^5  but,  doubtless,  these  discrepancies  will 
disappear  when  larger  walls  are  used.  In 
fact,  for  a  peculiar  triangular  wall  6.6  feet 
high,  composed  of  rubble  in  a  thin  mask  of 
wood  with  thin  counterforts,  his  theory  ap¬ 
plied  very  well  j  the  wall,  however,  break¬ 
ing  above  the  base  until  a  wooden  base  was 
attached,  when  it  moved  over  in  one  piece. 
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Experiments  G  and  7  (see  previous  table), 
for  a  surcharged  vertical  wall,  the  earth 
sloping  at  the  angle  of  repose,  would  seem 
to  indicate  that  theory  was  verified  in  spite 
of  the  fact  that  the  constants  by  Leygue 
are  Ah=0.137  and  0.065,  whereas  by 
theory /ii=:  0.346,  and  ^=0.115,  for  ^  — 
33°  42'  5  but  this  apparent  verification  is 
to  an  extent  accidental,  and  resulting  from 
the  special  relations  of  o'  and  t  for  these 
cases.  If  we  assume  that  the  masonry 
weighs  one-fourth  more  than  the  earth,  as 
in  a  following  article,  then  for  (7  =  3  and 
h  =  \  we  find  by  the  formula  of  Art.  65 
that  t  =  0.58  by  theory,  but  only  0.49  by 
Leygue’s  method  for  the  surface  sloping  at 
the  angle  of  repose.  For  the  surface  slop¬ 
ing  at  1,  theory  gives  t  =  0.45,  and  Leygue 
0.424  j  and  for  earth  level  at  top,  theory 
gives  t  =  0.367,  and  Leygue  t  —  0.343. 

This  shows  that  theory  agrees  fairly  well 
with  experiment  for  gentle  slopes,  but  for 
the  surface  sloping  at  the  angle  of  repose 
it  gives  too  large  values.  It  is  not  a  little 
remarkable  that  with  the  values  of  Jii,  and 
above  all  of  m,  differing  so  much  from 
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those  of  Leygue,  for  this  case,  that  the 
computed  values  of  t  should  agree  so 
closely  by  the  two  methods. 

Perhaps  future  experiments,  with  higher 
surcharges,  may  cause  the  difference  to 
disappear  entirely. 


The  above  are  undoubtedly  the  most 
valuable  experiments  we  have,  as  they 
refer  to  walls  in  the  ordinary  conditions  of 
their  employment  in  practice,  and  should 
be  carefully  studied. 
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68.  General  Formula  for  Stability  of  TtO' 
taining- Walls  against  Overturning. — Let  Fig. 
12  represent  a  wall  ABCD,  whose  length 
perpendicular  to  the  plane  of  the  paper  is 
unity^  and  whose  exterior  and  interior 
faces  and  diagonal  AC  make  angles  with 
the  vertical  equal  to  and  oo  respec¬ 
tively.  Let  W  denote  the  weight  of  the 
wall,  and  g  the  horizontal  distance  from  its 
line  of  action  to  the  outer  toe  A^  also  call 
O'  the  factor  by  which  it  is  necessary  to 
multiply  the  normal  thrust  leaving 

the  friction ^1^0  "back  of  the  wall 
constant,  in  order  that  the  resultant  on 
the  base  may  pass  through  the  outer 
toe.  Here  f  =■  tan  <{>'  (when  >  <^,  re¬ 
place  cfj'  by  <f))  and  the  quantities  h,  t,  d,  iVj 
i,  cf)  and  <}>'  have  the  meanings  given  in 
the  preceding  article. 

Taking  moments  around  A,  we  have, 

Wg  +  fK-^elfi  .  t  cos  a  = 

O'  K^eli^  (ch  sec  a  t  sin  a). 

We  find  also,  t  =:  h  (tan  00  —  tan  a)  5 
and  since  the  moment  Wg  is  the  sum  of  the 
moments  of  the  triangular  prism  AJDI^  and 
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the  rectangular  prism  IDCEj  minus  the 
moment  of  the  triangular  prism  BCE,  all 
of  the  same  density  w,  we  readily  find  it 
to  equal. 

—  tan  tan  ^  (tan^  gd  —  tan^  /?) 

11 

~  ^  tan  a  li  (tan  go  —  —  tan  a)  uv) 
or, 

uohj^ 

—  (3  tan^u? — 3  tan  09  tan  ad-tanka' — tan^^)^ 


Observing  that  m—K^c  sec  a,  on  substi¬ 
tuting  these  values,  and  resolving  with 
respect  to  tan  go,  we  find. 


tan^  09  -f- 

tan  09  I  2  ~Kx  if  cos  a — <j  sin  a) — tan  a\ 
,  w  A 

=  2  —  I  O'  m-\-K^  tan  a  if  cos  oc — o'  sin  a)  I 

wv.  A 

tan^  a  —  tan^  f 


It  will  be  observed  that  c  does  not  ap¬ 
pear  in  this  formula.  This  formula  equally 
applies  when  the  inner  face  of  the  wall 
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leans  away  from  the  earth,  or  B  falls  to  the 
right  of  E,  on  simply  replacing  sin  a  and 
tan  a  by  ( —  sin  a)  and  ( —  tan  a)  through¬ 
out.  As  this  formula  is  independent  of  h, 
it  is  true  for  all  values  of  h. 

When  h  is  given,  tan  gd  is  found  from 
this  formula,  whence,  t=h  (tan  gj — tan  a). 

When  a—oov  the  back  of  the  wall  is  ver¬ 
tical,  tan^u^-f- 2  —  7fi/tan  gd=2-  ()  ^ 

tv  tv 

inn^/3. 

For  a  rectangular  wall,  tan  /?=oin  last 
formula. 

69.  The  Practical  Designing  of  Retaining- 
Walls. — By  the  use  principally  of  the  above 
formula,  the  quantities  in  the  following 
table  were  made  out  by  Leygue,  using  the 
value  of  m  and  given  in  Arts.  57  and 
60  from  his  experiments,  and  assuming 
the  values 

—  =  i  and  f  =  tan  cf>  = 
w  o  3 

The  value  a  in  columns  5,  7,  and  6  gives 
the  ratio  of  thickness  t  at  base  to  the 
height  h  for  0'= 1,  (T=3,  and  the  centre  of 
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pressure  on  the  base  at  the  outer  middle 
third  limit  (column  (7i)  corresponding  to 
no  stress  at  i?;  and  the  11th  column  gives 
the  correspondiug  factor  of  safety  for  the 
latter  case,  which,  it  may  be  observed,  lies 
between  1.19  and  3.57,  and  thus  varies 
between  such  wide  limits  as  to  prove  that 
the  middle  third  limit  is  not  so  good  a  test 
of  the  stability  of  the  wall  as  the  use  of  a 
constant  factor  of  safety  o'. 

While,  therefore,  it  is  recommended  that 
this  limit  be  not  exceeded,  it  is  likewise 
recommended  that  the  factor  of  safety  o' 
be  not  taken  below  say  2.5,  which  about 
agrees  with  practice  for  rectangular  walls 
(type  4). 
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Table  No. 
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b 

^  in 

O 

00  QQ  N 

Tf  eo  eo 

oi  oi  oi 

3.67 

3.19 

2.95 

[ 

1.90 

1.91 

1.94 

Surface,  S. 

eo 

II  s 

b 

0,271 

0.338 

0.392 

TOO  I 

0.357 

0.427 

0.482 

1.266 

0.260 

0.327 

0.402 

0.989 

o  - 

0.234 

0.288 

0.329 

0.851 

0  394 

0.442 

0.480 

1.316 

0.188 

0  245 

0  296 

0.729 

7  00 

b 

0.142 

0.161 

0.176 

0.479 

0.178 

0.214 

0.241 

CO 

C*^ 

O 

0.112 

0.147 

0.177 

0.436 

s' 

'S.i*' 

eo 

II  t- 

b 

0.471 

0.538 

0.592 

l>  v-  c? 

1*^  00 

TT  iO  lO 

o  o  o* 

0.360 

0.437 

0.502 

0.434 

0.488 

0.529 

0.494 

0.542 

0.580 

0.288 

0.345 

0.396 

1  « 
b 

I  1  1 

0  278 
0.314 
0.341 

0.212 

0.247 

0.277 

tan  i 

4 

»-|iWM|o0 

O  .-'|«'N|ffS 

O 

PI  «> 
c3 

1 

1 

o 

o3 

-4^ 

o 

^111 

II  vi  ? 

o 

11 

13 

ci 

A  V 

a 

ci 

4^ 

Type 

No. 

1 

CO 

Table  No.  9. — Continued. 
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b 

O  ^ 

2.51 

2.45 

2.40 

1.33 

1.41 

1.46 

1.14 

1.19 

1.23 

Surface,  S. 

CO 

0.343 

0.424 

0.490 

1.257 

0.223 

0.189 

0.349 

0.761 

0.155 

0.219 

0.269 

CO 

CD 

o' 

5^  CO  th 
T-H  t-.  CO 
CO  CO 

o  o  o 

1.119 

0.121 

0.166 

0.208 

0.495 

0.066 

0.100 

0.129 

0.295 

ll  00 

b 

0.184 

0.224 

0.258 

0.666 

0.093 

0.124 

0.154 

0.371 

0,056 

0.086 

0.106 

0.248 

*8 

CO 

II  t- 

b 

0.343 

0.424 

0.490 

0.223 

0.289 

0.349 

0.155 

0.219 

0.269 

o 

0.312 

0.376 

0.431 

0.121 

0.166 

0.208 

0.066 

0.100 

0.129 

ll  in 

b 

0.184 

0.224 

0.258 

0.093 

0.124 

0.154 

0.056 

0.086 

0.106 

tan  i 

4 

^  >-i|®ie«lo5 

O  TH|oiOTleo 

O 

fl  CO 
cS 

O 

th|io 

+ 

If 

d  ^ 
cS 

43 

o 

11 

d 

n 

Type 

No. 

1 

CD 
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The  columns  8,  9,  and  10  give  the  areas 
o£  the  cross  sections  o£  the  walls  £or  a—l, 
(7=3,  and  the  middle  third  limit  and 

it  is  by  an  attentive  study  o£  these  areas 
that  the  most  economical  type  o£  wall  £or 
any  case  can  be  £ound.  For  o'  lying  be¬ 
tween  2  and  3,  the  types  are  most  econ¬ 
omical  in  the  £ollowing  order : — 

Nos.  6  and  5,  leaning  walls  having  parallel 
£aces  ; 

No*  3,  with  the  exterior  £ace  battered,  and 
the  inner  £ace  vertical  j 
Noo  1,  both  £aces  battered ; 

No.  4,  both  £aces  vertical ; 

and  lastly  No.  2,  with  the  interior  £ace 

battered,  and  the  exterior  £ace  vertical. 

Thus  the  leaning  walls  are  decidedly 
the  most  economical ;  an(3,  besides,  the 
pressures  are  better  distributed  on  the 
base.  The  £ormula  does  not  apply  to  type 
No.  1  £or  (7  =  1  as  /?  >  07,  but  the  sur£aces 
£or  (7  =  1  were  made  out  £or  a  triangular 
type,  having  an  interior  batter  o£  -i,  and 
the  angle  /?  as  £ound  by  computation. 

70.  For  walls  with  projections  at  inter- 
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vals  on  the  exterior  or  Interior,  or  for  but¬ 
tressed  or  counterforted  walls,  theory  does 
not  show  any  economy  over  the  leaning 
walls  (types  5  and  6).  In  fact,  for  face- 
walls  at  the  limit  of  stability,  except 
for  the  buttresses,  and  for  a  factor  of 
safety  of  the  entire  wall  including  but¬ 
tresses,  about  a  line  passing  through  the 
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outer  toes  of  the  buttresses  of  from  2  to  3, 
the  surfaces  S  were  about  equal  to  those 
for  type  5,  corresponding  to  a  mean  of 
columns  8  and  10.  Fig.  13  shows  a  good 
form  of  buttressed  wall,  with  the  face  in  the 
form  of  arches  convex  from  the  earth  side  ; 
but  their  hideousness  militates  against 
them.  For  counterforted  walls,  the  lateral 
pressure  of  the  earth  against  the  sides 


160 


causes  friction;  and  if  (see  Art.  56)  we 
admit  that  the  thrust  on  the  face-wall  is 
diminished  and  that  the  excess  is  sus¬ 
tained  through  the  friction  by  the  counter¬ 
forts.  a  computation  shows  that  still  the 
counterforted  walls  are  no  more  economi¬ 
cal  than  type  3  with  the  back  vertical  and 
an  exterior  batter.  It  is  likely  that  the 
thrust  is  less  than  assumed,  as  experiment 
has  demonstrated  the  very  great  economy 
of  counterforted  walls.  But  it  is  a  fact 
that  in  numerous  cases  the  counterforts 
have  been  broken  off  from  the  face-wall, 
possibly  from  being  carried  down,  through 
a  bad  foundation,  by  the  settling  of  the 
earth,  as  well  as  from  the  earth-thrust; 
and  they  are  not  to  be  recommended, 
except  as  a  support  to  leaning  walls,  during 
construction  especially.  To  push  economy 
to  an  extreme,  a  thin,  leaning  face-wall  or 
mask  is  used,  with  counterforts  at  inter¬ 
vals,  whose  back  faces  are  plumb;  the 
space  between  being  filled  with  earth  well 
compacted,  or  with  rough  stones  laid  by 
hand.  It  is  found  that  such  a  wall  has 
nearly  the  same  stability. as  if  the  com- 
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pacted  earth  or  rubble  was  a  part  o£  the 
wall  (see  ‘'Annales  des  Pouts  et  Chaus- 
sees’^  for  November,  1885,  and  January, 
1887,  for  descriptions  of  such  walls  con¬ 
structed  in  France).  Leygue  actually 
constructed  some  small  triangular  coun¬ 
terforts  in  plaster,  with  an  exterior  slope 
of  without  any  face-wall,  which  held 
the  earth  perfectly.  The  height  was  1.31 
feet,  the  base  0.66  feet,  and  the  thickness 
only  0.08  feet ;  the  distances  between  the 
counterforts  being  from  0.33  to  0.49  feet, 
the  intervals  between  being  filled  with  plas¬ 
ter  thrown  in  without  especial  precautions. 
The  earth  extended  to  the  top  of  the 
counterforts,  and  with  a  surcharge  besides. 

In  the  case  of  very  high  walls,  it  would 
prove  economical  to  connect  the  counter¬ 
forts  at  various  heights  with  arches  (these 
could  easily  be  constructed  with  an  earth 
centring),  which  would  immobilize  a  large 
portion  of  the  earth  filling,  and  tend  to 
withdraw  the  active  thrust  farther  to  the 
rear.  The  space  between  the  arches  and 
counterforts  should  be  entirely  filled  with 
compacted  earth,  to  add  to  the  stability. 
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7L  We  have  now  completed  our  task 
o£  giving  complete  theoretical  and  semi- 
empirical  methods  for  the  design  of  re- 
taining-walls,  and  have  discussed  all  avail¬ 
able  experiments  by  the  different  methods, 
and  compared  results,  so  that  the  engineer 
can  better  ap]3reciate  their  practical  value 
in  the  practical  designing  of  retaining- 
walls.  We  have  found  that  although 
theory  gave  good  results  for  vertical  walls 
with  earth  level  at  the  top,  yet  for  many 
of  the  other  cases  it  departed  essentially 
from  practice;  so  that  for  all  cases  the 
two  semi-empirical  methods  are  to  be  rec¬ 
ommended  as  giving  the  best  results,  sup¬ 
plemented  when  necessary  for  various 
values  of  <f>  by  the  theoretical  method. 

From  preceding  discussions,  the  engineer 
will  doubtless  draw  some  analogy  between 
the  theory  of  long  columns  and  that  o£ 
retaining-walls,  from  their  inapplicability 
in  certain  limiting  cases ;  and  as  in  the 
case  of  columns  the  engineer  has  come 
finally  to  depend  entirely  on  experiments^ 
the  same  may  be  confidently  predicted  of 
retaining-walls. 
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The  experiments  given  in  this  treatise 
must  he  regarded,  then,  as  only  the  first 
instalment  on  small-sized  walls  5  and  it  is 
to  be  hoped  that  in  the  future  the  experi¬ 
ments  will  be  extended  to  larger  walls,  and 
higher  surcharges,  and  that  by  independ¬ 
ent  methods  of  observation  the  amount  of 
the  earth-thrust,  as  well  as  its  points  of 
application,  will  be  more  definitely  ascer¬ 
tained. 


4 
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APPENDIX  I. 


DESIGN  FOK  A  VEEY  HIGH  MASONKY 

DAM. 

Engineers  are  by  no  means  agreed  upon  the 
proper  profile  to  give  high-masonry  dams ;  although 
the  three  conditions,  that  there  shall  he  no  tension 
at  any  horizontal  joints  safe  unit  stresses  every¬ 
where^  and  no  'possible  sliding  along  any  plane  joints 
seem  to  be  generally  accepted  as  essential  to  a  good 
design. 

The  writer  suggests  one  more  condition,  that 
the  factors  of  safety  against  overturning  about  any 
joint  on  the  outer  face  shall  increase  gradually  as 
we  proceed  upwards  from  the  base,  to  allow  for  the 
proportionately  greater  influence,  on  the  higher 
joints,  of  the  effects  of  wind  and  wave  action,  ice, 
floating  bodies,  dynamite,  or  other  accidental 
forces.  The  exact  amount  of  increase  must  be 
largely  a  matter  of  judgment ;  but,  if  the  principle 
is  accepted,  it  can  only  result  in  making  stromger 
dams. 


The  accompanying  sketch  of  a  dam  258  feet 
high  to  the  surface  of  water  (see  also  “Engineering 
News”  for  June  23,  1888)  satisfies  the  four  condi- 


,24 


tions  named,  and  will  be  briefly  described.  The 
dam  is  of  the  same  total  height  (265  feet)  and 
volume  (nearly)  as  the  proposed  Quaker-Bridge 
dam,  and,  for  ease  of  comparison,  is  designed,  as 
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was  that  dam,  for  masonry  weighing  times  as 
much  as  water.  The  dam  is  24  feet  wide  at  top, 
38  feet  wide,  50  feet  below  the  surface  of  water  (7 
feet  below  the  top),  and  196.1  feet  wide  at  the 
base.  The  up-stream  face  is  vertical  for  the  first 
57  feet  from  the  top,  and  then  batters  at  the  rate 
of  30  feet  in  200  to  the  base.  The  outer  face  slopes 
uniformly  from  the  top  to  50  feet  below  the  water 
surface,  and  then  slopes  uniformly  to  the  base. 

The  curves  of  pressure,  for  reservoir  full  or 
empty  (the  lines  connecting  the  centres  of  pressure 
on  the  different  horizontol  joints  are  here  styled 
the  curves  of  pressure),  are  found  as  hitherto  ex¬ 
plained,  and  are  seen  to  lie  well  within  the  middle 
third  of  the  base,  so  that  the  horizontal  joints  under 
the  static  pressure  are  only  subjected  to  compres¬ 
sion  throughout  their  w'hole  extent.  Further,  it 
was  found  by  construction,  that  if  a  horizontal 
force  be  assumed  as  acting  at  the  surface  of  water, 
of  such  intensity  (29,375  pounds)  as  to  cause  the 
total  resultant,  on  the  joint  50  feet  below  the  w'ater 
level,  to  cut  the  joint  one-third  of  its  width  from 
the  outer  face ;  then  if  this  same  force,  acting  at 
the  surface  of  water,  is  combined  in  turn  with  each 
of  the  other  resultants  on  the  lower  horizontal 
joints,  the  new  centres  of  pressure  will  still  lie  well 
within  the  middle  third  for  the  low'er  joints.  To 
secure  uniformity  of  results  for  all  the  joints,  the 
width  at  the  50  feet  level  should  be  increased, 
although  it  is  now  much  greater  than  ordinarily 
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constructed.  If,  however,  the  effects  of  earthquake 
vibrations  are  to  be  guarded  against,  we  cannot  re¬ 
place  them  by  the  action  of  a  single  force  acting  at 
the  surface,  so  that  the  increased  width  of  the 
upper  joints  must  be  largely  a  matter  of  judgment.  ^ 

The  numbers  to  the  right  of  the  figure,  in  the 
form  of  a  fraction,  give  for  the  corresponding 
joints,  for  the  upper  numbers,  the  factor  against 
overturning,  or  the  factor  by  which  it  is  necessary 
to  multiply  the  static  horizontal  thrust  of  the  water 
to  cause  the  total  resultant  to  pass  through  the 
outer  edge  of  the  joint  considered;  and  for  the 
lower  numbers,  the  ratio  of  the  weight  of  masonry 
above  a  joint  to  the  static  thrust  of  water  against 
it;’  which  is,  in  a  certain  sense,  a  factor  of  safety 
against  sliding  on  a  horizontal  joint.  These  factors 
are  seen  to  increase  from  the  base  upwards,  so  that 
the  suggested  fourth  condition  is  satisfied. 

1  It  is  stated  in  Engineering  News  for  June  30,  1888,  on 
the  authority  of  Mr.  Thomas  C.  Keefer,  President  Ameri¬ 
can  Society  of  Civil  Engineers,  that  “an  ice  bridge  of 
about  90  feet  span,  between  two  fixed  abutments,  ex¬ 
panded  so  from  a  rise  of  temperature,  as  to  rise  3  feet  in 
the  centre.”  If  we  regard  the  arch  thus  formed  as  free 
to  turn  at  the  abutments  and  at  the  crown,  we  easily  find 
for  ice  one  foot  thick,  the  horizontal  thrust  H  exerted  at 

62  5 

the  abutments,  from  the  equation,  3H=  — u  X  ^52,  to  be 

2 

in  pounds  per  square  foot  21,094  pounds.  Much 
higher  pressures  may  possibly  be  experienced  sometimes 
near  the  top  of  high  dams  in  northern  latitudes,  and  it 
seems  only  proper  to  include  such  contingencies  in  their 
design. 
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The  unit  stresses,  in  pounds  per  square  foot,  at 
the  outer  edges  of  the  joints  for  reservoir  full,  and 
at  the  inner  edges  for  reservoir  empty,  are  given 
in  columns  4  and  5  of  the  following  table,  being 
computed  from  the  formula 
6w\  W 

T  r 


p=/4 


-of  Chap.  I. 


Depth  of 
Joint  below 
Water 
Level. 

1. 

Water 

Pressure. 

2. 

W  eights 
of 

Masonry. 

3. 

Pressure 

at 

outer  edge. 

4. 

Pressure 

at 

inner  edge. 

5. 

feet. 

lbs. 

lbs. 

50 

1,250 

4,417 

8,860 

10,460 

100 

5,000 

11,540 

13,480 

16,130 

150 

11,250 

23,420 

20,410 

21,440 

200 

20,000 

40,040 

27,330 

27,170 

250 

31,250 

61,420 

34,350 

33,130 

258 

33,282 

65,270 

35,360 

34,120 

The  numbers  of  columns  2  and  3  for  one  foot  in 
length  of  the  wall  are  expressed  in  weights  of  cubic 
feet  of  water,  and  must  be  multiplied  by  62.5  to 
reduce  to  pounds. 

The  unit  pressures,  although  necessarily  high, 
are  still  permissible.  By  spreading  the  lower  part 
of  the  dam  still  more,  these  unit  stresses  would  be 
theoretically  diminished,  though  it  is  likely  that  in 
reality  the  pressures  at  the  positions  of  the  old  toes 
would  not  be  very  materially  altered;  but  the 
masonry  being  surrounded  with  other  masonry 
could,  most  probably,  stand  a  higher  pressure. 
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The  unit  pressures  p  given  in  columns  4  and  5 
are  not  the  maximum  normal  pressures  at  the 
faces.  In  Appendix  III  (e),  it  is  proved  that  the 
maximum  normal  stress  at  a  face  acts  parallel  to 
that  face  on  a  plane  at  right  angles  to  it  and  that 
its  intensity  is  given  by  the  formula,  f==psec^(f>, 
where  4>  is  the  angle  the  face  makes  with  the 
vertical.  In  this  example,  where  ^  =  31°  23'  for 
the  outer  face  and  8°  32'  for  the  inner  face,  the 


D 


Fig.  15. 


values  of  /  at  the  outer  and  inner  faces  are  found 
by  multiplying  the  numliers  given  in  columns  4 
and  5  by  1.37  and  1.02  respectively. 

The  first  derivation  of  the  important  formula, 
/=/>  sec2^,  has  been  credited  to  Levy  by  Dr. 
Unwin,!  who  likewise  states  that  in  several  old 
dams  which  have  lasted  for  centuries,  the  values 
of  p,  ranged  from  11^  to  14  tons  per  square  foot, 
giving  the  maximum  compressive  stresses  /  from 
15  to  20  tons  per  square  foot  (234  to  311  lbs.  per 
square  inch). 

!  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  CLXXII, 
Part  II,  p.  134. 
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The  so-called  factors  against  overturning  are  not 
true  ones,  for  a  computation  shows  that  if  the 
water  pressure  down  to  the  joints  50,  100,  and  150 
feet  below  the  surface  should  become  2,  1|,  1^ 
times  the  original,  respectively,  that  tension  would 
just  begin  to  be  exerted  at  the  inner  face.  This 
would  happen  for  lower  joints  for  thrusts  about  1^ 
to  11  times  the  original.  If,  from  any  cause,  as 
accidental  forces  at  the  top,  earthquakes,  etc. ,  the 
thrusts  should  be  increased  over  these  amounts, 
causing  tension  at  the  inner  edges  beyond  the 
capacity  of  the  mortar  to  withstand,  the  joints 
would  crack  and  open,  water  would  get  in,  dimin¬ 
ishing  the  weight  of  the  masonry  materially,  the 
centres  of  pressure  would  move  outwards,  and  the 
unit  pressures  at  the  outer  toes  would  very  much 
increase,  leading  perhaps  ultimately  to  the  destruc¬ 
tion  of  the  dam  through  sliding,  overturning,  or 
crushing  at  the  down-stream  face. 

We  shall  now  consider  the  capacity  of  resistance 
of  the  dam  to  sliding  along  any  oblique  joint  as 
AK.  ^  Let  AB  represent,  in  magnitude  and  direc¬ 
tion,  the  resultant  of  the  water  pressure  and  weight 
of  masonry  on  the  horizontal  joint  AH,  and  let  the 
vertical  AB  represent  the  w'eight  of  the  triangular 
mass  AHK,  all  for  one  foot  in  length  of  the  wall. 
Draw  BN  j.  AK  and  BN  H  to  intersection  N; 


1  See  Annales  des  Fonts  et  Chauss^es  for  May,  1887. 
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then  DN  —  component  of  BD  normal  to  plane 
AK,  and  BN  X  tan  T where  tan  </>  =  co-efficient 
of  friction  of  masonry  on  masonry)  is  the  total 
friction  that  can  be  exerted  by  the  plane  AN.  If 
we  lay  off  angle  JVBE  =  4>  (taken  as  35°  here)  to 
intersection  £J  with  the  parallel  component  BJY, 
we  have  BN  tan  —  EN,  so  that  BE  must  be 
resisted  by  cohesion ;  and  the  unit-shearing  stress 

BE 

along  the  plane  AK  =  ~  -  .  If,  now,  we  produce 

AE 

KE  on  to  intersection  C,  wuth  AB  produced,  we 

BO 

have  the  unit  shear  represented  by  BN ,  which  is  a 

A  C 

maximum,  for  various  planes  passing  through  A, 
tvhen  G  is  farthest  removed  from  B. 

On  effecting  this  construction,  then,  for  a  series 
of  planes  passing  through  A,  we  quickly  find  the 
plane  which  will  have  to  supply  the  maximum  in¬ 
tensity  of  shear,  or  the  plane  of  rupture,  to  lie  near 
A  K  (there  is  very  little  difference  for  a  series  of 
planes  lying  near  each  other);  and  the  shear  per 
square  foot  required  to  resist  sliding,  in  addition  to 
the  frictional  resistance,  to  be  about  twenty-seven 
hundred  and  fifty  pounds.  To  offer  the  greatest 
resistance  to  sliding,  there  should  be  no  regular 
courses,  and  the  stones  should  break  joint  verti¬ 
cally  as  well  as  horizontally,  or  the  courses  near  the 
outer  face  should  be  curved  so  as  to  be  approxi¬ 
mately  normal  to  that  face.  For  a  retaining-wall 
of  dry  rubble,  carelessly  laid,  we  see  that  there  is 
every  probability  of  failure  by  sliding  along  some 
inclined  plane.  Here  the  stones  must  be  carefully 


# 


172 


interlockf  d  to  prevent  sliding.  For  the  reservoir- 
wall,  where  the  best  cement  is  used,  and  the  joints 
are  broken,  there  should  be  no  fear  of  sliding  when 
sufficient  thickness  is  given  to  avoid  tension.  In 
the  Habra  dam,  a  hundred  and  sixteen  feet  high, 
this  was  not  done ;  and  the  dam  broke  along  a 
plane,  passing  through  the  outer  toe  nearly,  and 
making  the  angle  of  friction  of  masonry  on 
masonry  with  the  horizontal. 

It  is  well  to  note,  too,  that  friction  alone  will  not 
prevent  sliding  along  planes  inclined  not  far  from 
the  horizontal  as  well  as  those  below,  so  that  a 
proper  resistance  to  shear  must  be  provided  for  in 
every  dam.  Possibly  the  weak  point  of  many  dams 
is  in  this  very  particular. 

The  capacity  of  the  dam  in  question  to  resist 
rotation  about  the  toe  of  an  inclined  base  may  next 
be  tried,  and  it  will  be  f ormd  to  be  stable ;  for  the 
weight  of  masonry,  as  well  as  its  arm,  increases  to 
counterbalance  the  increase  of  arm  of  the  water- 
thrust.  The  dam  thus  satisfies  all  the  conditions 
of  stability ;  and,  although  some  of  its  dimensions 
may  be  changed  with  advantage  perhaps,  it  yet 
suffices  very  well  to  point  out  the  principles  of 
design. 

See  Engineering  News  for  January  12,  1893  and 
May  9,  1907  for  effects  of  expansion  of  ice. 
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APPENDIX  II. 


STRESSES  IN  MASONRY  DAMS.» 

The  object  of  this  investigation  is  to  deter¬ 
mine  the  amounts  and  distribution  of  the  stresses 
in  a  masonry  dam,  at  points  not  too  near  the 
foundations,  having  assumed  the  usual  “  law  of 
the  trapezoid,”  that  vertical  unit  pressures  on 
horizontal  planes  vary  uniformly  from  face  to 
face. 

Experiment  indicates  that  such  vertical  stresses 
increase  pretty  regularly  in  going  from  the  inner 
to  the  outer  face,  for  reservoir  full,  until  we  near 
the  down-stream  or  outer  face,  where  the  stress 
gradually  changes  to  a  decreasing  one,  which 
decrease  continues  to  the  end  of  the  horizontal 
section.  The  law  of  the  trapezoid  is  thus  only 
approximately  true  over  part  of  the  section,  but, 
as  it  gives  an  excess  pressure  where  it  attains  a 
maximum,  it  errs  on  the  safe  side. 


1  What  follows  in  Appendices  II  and  III  was  first 
given  by  the  author  in  Trans.  Am.  Soc.  C.E.,  Vol. 
LXIV,  p.  208. 
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The  profile  of  the  dam  selected  is  of  the  trian¬ 
gular  type,  with  some  additions  at  the  top,  but  the 
method  used  in  determining  the  stresses  is  general 
and  will  apply  to  any  type  of  profile.  The  final 
equations  will  give,  at  any  (interior  or  exterior) 
point  of  the  horizontal  section  considerod,  the 
vertical  unit  stress  on  the  horizontal  section,  the 
normal  stress  on  a  vertical  plane,  and  the  unit 
shear  on  either  horizontal  or  vertical  planes. 
From  these  stresses,  the  maximum  and  minimum 
normal  stresses,  and  the  planes  on  which  they  act, 
can  be  determined,  and  ultimately,  if  desired,  the 
stress  on  any  assumed  plane  can  be  ascertained. 

The  solution  presented  is  approximate,  which  is 
justifiable,  in  view  of  the  approximation  involved 
in  “the  law  of  the  trapezoid”  used.  The  results, 
however,  are  practically  correct,  as  will  be  evident 
from  the  checks  applied,  resulting  from  the  exact 
theory  given  in  Appendix  III.  The  theory  used, 
being  simple,  should  be  easily  followed. 

Let  Fig.  16  represent  a  slice  of  the  dam  con¬ 
tained  between  two  vertical  parallel  planes,  1  ft. 
apart  and  perpendicular  to  the  faces.  The  batter 


e  .  130  0.65 

of  OB  IS - = - ; 

200  1 


that  of  OE  being 


4  _  0.02 
200 


The  batter  of  the  inner  face  was  found  by  trial, 
so  that  the  centers  of  pressure  on  horizontal 
sections,  for  reservoir  empty,  should  nowhere  pass 
more  than  a  fraction  of  a  foot  outside  the  middle 
third  of  the  section.  The  simple  type  of  profile 
shown  was  adopted  for  ease  of  computation. 

For  convenience  in  subsequent  computations, 
the  breadths,  b  =  EB,  of  horizontal  sections,  corre- 
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^ponding  to  various  depths,  h,  below  the  surface 
of  the  water  in  the  reservoir,  are  given,  all  dimen¬ 
sions  being  in  feet: 


A  =  199.0,  6  =  133.330 

6  =  199.5,  6  =  133.665 

6  =  200.0,  6  =  134.000 

6  =  200.5,  6  =  134.335 

6  =  201.0,  6  =  134.670. 


Take  the  weight  of  1  cu.  ft.  of  masonry  equal 
to  1 ;  then  the  weight  of  masonry  above  any 


Fig.  16. 


section  is  equal  to  the  corresponding  area  in 
Fig.  16  above  that  section.  The  area  of  the  por¬ 
tion  above  EOB  is  readily  found  to  be  712,  and 
its  moment  about  the  vertical,  AO,  is  11,603,  the 
unit  of  length  being  the  foot.  In  Fig.  16,  D  is 
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where  the  vertical  through  the  center  of  gravity 
of  the  dam  above  the  joint,  EB,  cuts  that  joint, 
and  C  is  the  center  of  pressure  on  that  joint  when 
the  water  pressure  on  EO  is  combined  with  the 
weight  of  masonry,  W,  above  EB. 

As  h  varies,  suppose  each  horizontal  joint,  in 
turn,  marked  similarly  to  the  joint  at  h  =  200,  with 
the  letters  E,  A,  D',  C,  B;  then,  for  any  joint,  on 
taking  moments  of  the  triangles,  AOB,  AOE,  and 
the  area  above  OB  about  A,  we  find 


AD 


A  n 

—  {AB^-EA^)  +11,603 
6 

W 


Assuming  that  the  masonry  weighs  2^  times  the 
water  per  cubic  unit,  then  the  weight  of  a  cubic 
2 

foot  of  water  is  — .  It  would  entail  but  little  extra 
5 


trouble  here,  where  the  inner  face  has  a  uniform 
batter  throughout,  to  include  the  vertical  com¬ 
ponent  of  the  water  pressure  on  the  face,  EO\ 
but  it  will  be  neglected,  as  usual. 

The  horizontal  water  pressure  for  the  height,  h, 


is  thus,  ^X  — =  — 
5  2  5 

5  3  15 


and  its  moment  about  C  is 


Taking  moments  of  W  and  water  pressure  about 
C,  we  have  at  once. 


dc=2-x 

15 


w‘ 
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From  the  last  two  formulas,  we  derive  the 
following  results: 


h  W 

199  13978.335 

200  14112.000 

201  14246.335 


AD  DC 

40.49141  37.58483 

40.70316  37.79289 

40.91488  38.00089 


A  seven-place  logarithmic  table  was  used 
throughout,  the  aim  in  the  computations  being 
to  get  the  seventh  significant  figure  correct  within 
one  or  two  units.  The  necessity  for  this  accuracy 
will  be  seen  later. 

The  distances  EC  and  CB  are  now  readily 
derived. 


For;i  =  199,  F;C=82.05624,  (75  =  51.27376; 
/t=200,  5(7=82.49605,  C5  =  51. 50395; 
h=20\,  5C  =  82.93577,  55  =  51.73423. 

On  any  plane,  EB,  the  vertical  unit  pressure 


at  5=pi  =  ^-^_^lF, 
62 


^  „  46-655^. 

at  E=P2= - W; 

62 


where  6=55,  and  W  is  the  weight  of  masonry 
above  the  plane.  This  follows  from  the  assumed 
“law  of  the  trapezoid.” 

From  these  formulas  we  derive: 

At  6  =  199,  pi  =  177.45483,  p2  =32.22542  ; 

6  =  200,  pi  =  178.3855,  p2  =32.24139; 
6=201,  pi  =  179.3160,  p2  =32.25798. 


Call  p  the  vertical  unit  stress  at  a  distance,  x', 
from  E;  then 


and  the  total  str*«s  on  the  base,  x',  is 


7^i-7>V2 

2b 


.  (1) 


To  find  the  unit  shear  on  vertical  or  horizontal 
planes,!  consider  a  slice  of  the  dam,  bounded  by 


!  The  writer  desires  here  to  acknowledge  his  indebted¬ 
ness  to  a  recent  paper  on  “Stresses  in  Masonry  Dams,’’ 
by  Ernest  Prescot  Hill,  M.  Inst.  C.E.,  published  in 
Minutes  of  Proceedings,  Inst.  C.E.,  Vol.  CLXXII, 
p.  134.  Mr.  Hill  considers  the  case  of  a  dam  with  a 
vertical  inner  face.  By  the  aid  of  the  calculus,  he 
effects  an  exact  solution,  which  leads  to  general  formulas 
for  shear  and  normal  pressures  on  vertical  planes. 

The  principles  at  the  base  of  his  method,  though 
somewhat  disguised  by  the  calculus  notation,  are  essen¬ 
tially  the  same  as  those  used  by  the  author. 

Mr.  Hill  ascribes  to  Professor  W.  C.  Unwin  the  sugges¬ 
tion,  “that  the  shearing  stress  at  any  point  may  be 
found  by  considering  the  difference  between  the  total 
net  vertical  reactions  [between  that  point  and  either 
face]  along  two  horizontal  planes  at  unit  distance 
apart,”  and  states  that  Prof.  Unwin,  “has  applied 
the  principle  to  a  triangular  dam  by  the  use  of  alge¬ 
braical  methods.” 

Dr.  Unwin  states  (Proc.  Inst.  C.E.,  Vol.  CLXXII, 
Part  II,  p.  161)  that  he  ascertained  after  his  papers 
were  written,  that  by  a  different  method,  Levy  had 
previously  arrived  at  the  same  conclusions. 
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horizontal  planes  at  ;i  =  199  and  A  =  200,  the  water 
_f&CB  and  a  vertical  plane,  at  a  distance,  x,  from  the 
inner  face  (Fig.  17),  in  equilibrium  under  the  water 
pressure  acting  horizontally  on  its  left  face  and 
the  forces  exerted  by  the  other  parts  of  the  dam 
on  the  slice.  These  forces  consist  of  the  uniformly 
increasing  stress,  P',  on  top,  acting  down;  the 
uniformly  increasing  stress,  P,  on  the  bottom, 
acting  up;  a  shear  acting  on  the  vertical  plane 


A=199 
A«=300  E 


X  1 


t  I  j  t  f  I  I  . J 


Fig.  17, 


at  the  right,  of  average  intensity  gi  per  square 
foot,  the  weight  of  the  body  (x  — 0.01),  besides  the 
horizontal  forces  to  be  given  later.  The  vertical 
component  of  the  water  pressure  is  here  neglected, 
as  usual.  The  origin  for  x  is  taken,  here  and  in 
all  subsequent  work,  at  the  level,  A  =  200,  at  the 
inner  face. 

For  equilibrium,  the  sum  of  the  vertical  com¬ 
ponents  must  be  zero. 

Therefore, 

9i  =  (x-0.01)+P'-P.  ...  (2) 


ISO 


To  find  P' ,  substitute  in  Equation  (1), 

—  0.02,  P2=32.22542,  pi  — p2  =  145.22941,  k  = 
133.330,  giving  P' =32.20364a: +0.5446238x*- 
0.6442906.  For  P,  x'  =x,  p2  =  32.24139,  pi  — p2=* 
146.1441,  and  6  =  134;  therefore, 

P  =32. 24139X  +  0.5453138x2. 

Substituting  in  Equation  (2),  we  derive  the 
average  unit  shear, 

gi= —0.6542906  — 0.96225X  — 0.0006900x2.  .  (3) 

This  value  of  q\  is  strictly  correct  w'.en  x^0.02. 
It  is  slightly  in  error  when  0<x<0.02. 


Fig.  18. 


A  similar  investigation  holds  to  obtain  the 
average  unit  shear,  52  (Fig.  IS),  on  a  vertical  plane, 
at  a  distance,  x,  from  E,  extending  from  the 
level,  6.  =  200,  to  the  level,  /i  =  201. 

We  have,  for  equilibrium, 

.  ^  ^  ^  _g2=^(x+0.01)+P-P". 


(4) 
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We  find  P"  by  substituting  in  Equation  (1), 
x'  =  (a:  +  0.02),  p2  =32.25798,  pi -p2  =  147.05802, 
and  6  =  134.67.  P"  =32.27982rc +  0.5459941a:2 + 
0.6453780.  Substituting  this,  and  the  value  pre¬ 
viously  found  for  P,  in  Equation  (4),  we  derive, 

52=  -0.6353780 +  0.90157a:-0.0006803x2.  (5) 

This  is  strictly  correct  only  when  x>0. 

The  mean,  ^(51+52),  of  these  average  shears  will 
be  assumed  approximately  equal  to  the  inten¬ 
sity  of  shear  at  the  point,  G{x  =  EG),  at  the  level, 
h  =  200.  Call  q  this  intensity  of  shear  on  a  ver¬ 
tical  plane  at  G)  therefore, 

5=  -0.6448343  +0.96191x-0.0006856x2.  (6) 

Checks. — By  Appendix  HI  (6)  and  (d),  the  exact 
value  of  5',  at  either  face,  =p  tan  where  p  = 
vertical  unit  normal  stress  at  the  face  and  4>  is 
the  angle  the  face  makes  with  the  vertical.  Thus, 
at  the  inner  face, 5=  —32.24139X0.02  =  —0.6448278, 
whereas  Equation  (6)  gives  for  x  =  0,  5=  — 

0.6448343. 

At  the  outer  face,  the  exact  value  is,  178.3855 
X0.65  =  115.9506,  whereas  Equation  (6)  gives,  for 
x  =  134,  5  =  115.9405. 

A  still  more  searching  test  can  be  devised.  It 
is  a  well-known  principle  that  the  intensity  of 
shear  at  a  point,  on  vertical  or  horizontal  planes, 
is  the  same  [Appendix  III  (a)].  Therefore,  regard¬ 
ing  Equation  (6)  as  giving  the  horizontal  unit 
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shear,  at  the  level,  ^  =  200,  where  6  =  134  ft.;  the 
total  shear,  from  face  to  face,  on  this  level,  is 


x=134 

=  7999.75. 

=  0 


This  should  equal  the  total  water  pressure  down 


thus  gives  practically  exact  results. 

In  order  to  find  the  normal  unit  stress  on  a 
vertical  plane,  we  shall  assume  that  q\,  given  by 
Equation  (3),  equals  the  intensity  of  shear  on  a 
vertical  or  horizontal  plane  at  the  point,  x,  at 
6  =  199.5;  and  that  52,  given  by  Equation  (5), 
gives  the  shear  intensity  at  x  at  6  =  200.5.  This 
evidently  supposes  that  the  shear  intensity  in¬ 
creases  uniformly,  vertically,  from  6  =  199  to 
6  =  201. 

Consider  a  portion  of  the  dam,  Fig.  19,  bounded 
by  the  water  face;  the  plane,  FM,  4t  the  level, 
6=  199.5,  on  which  the  total  shear  is  Q' ,  the  plane 
EN ,  at  the  level  200-5,  on  which  the  total  shear 
is  Q,  and  the  vertical  plane,  MN,  1  sq.  ft.  in  area, 
on  which  the  average  normal  stress  is  p'.  The 
water  pressure  on  EF  will  be  supposed  to  be 
exerted  horizontally.  It  is  equal  to  80  units. 
Assuming,  as  stated,  that  gi  =  intensity  of  hori¬ 
zontal  shear  at  M,  and  32=  the  corresponding 
intensity  at  N ,  we  have,  taking  the  origin  as 
before  at  0, 


Q'  =  [  dx]  Q  =  Ix] 
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or, 

0'  =  0.006494794  -  0.6542906x  +  0.481 125^2 

-0.00023x»; 

Q=-  0.00640186  -  0.6353780x  +  0 .480785x2 

X* 

-0.0006803-3. 


Checks'. — The  total  water  pressure  for  A  =  199.5 

is -^(199.5)2  =  7960.05  and  for  A  =  200.5,  ^(200.5)2 

=  8040.05.  The  first  should  equal  Q' ,  for  x  = 
133.665,  or  7959.22;  the  second  should  equal  Q, 


Q' 


X=  0 


x—O.Ol 

X 


G 


X  0.01 


p*  X  1 


Q 


Fig.  19. 

for  x  =  134.335,  or  8041.12.  The  slight  differences 
tend  to  give  confidence  in  the  results. 

For  equilibrium,  the  sum  of  the  horizontal  forces 
acting  on  EFMN,  Fig.  19, must  be  zero;  therefore, 

p'=80+Q  —  Q  ,  ....  (7) 

p' =80.01 -0.0189X  + 0.00034x2 -0.00000323x2. 

This  average  stress  will  now  be  assumed  to  be  the 
intensity  of  the  horizontal  unit  stress  on  vertical 
planes  at  A  =  200. 
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It  will  now  be  perceived  why  a  seven-place  table 
was  necessary  in  the  computations,  the  coefficients 
of  and  having  only  two  or  three  significant 
figures  in  the  final  result.  If  the  planes  originally 
had  been  taken  0.1  ft.  apart  vertically,  a  ten-place 
table  would  have  been  required. 

Checks. — The  value  of  p',  for  x=0,  p'  =80.012896, 
is  the  same  as  that  given  by  Appendix  III  (d), 
80+0.6448X0.02.  When  a:  =  134,  the  formula 
gives  p'  =  75.81,  whereas  the  exact  theory.  Appen¬ 
dix  III  (6),  gives  p' =m2p  =  (0.65)2 X  178.39  =  75.37. 
The  difference  is  0.44  at  the  outer  face.  For  any 
other  point,  it  might  be  assumed  to  vary  with  x, 
so  that  it  could  be  corrected  by  substracting 
0.44 

yg;^a;  =  0.0033x  from  the  value  of  p'  above.  For 
ease  of  computation,  the  formula  will  be  written, 

p'  =80.01  -  0.02a:  +  0.00034a:2  -  0.0000l|-’.  (8) 

The  first  coefficient  of  x^  cannot  be  counted  on  to 
the  last  two  figures,  hence  we  are  permitted  to 
change  323  to  333  in  that  coefficient.  When 
x  =  134.  Equation  (8)  gives  p' =75.41,  nearly  the 
exact  value. 

The  three  formulas  for  p,  q,  and  p',  at  the 
level  h  =  200,  are  thus  as  follows: 

p  =32.24 +  1.0906.3x; 

5  =  -  0.64  +0.962a:  -  0.000686a:2; 

p'  =  80.01  -  0.02a:  +  0.00034a:2  -  O.OOOOl^^. 

o 
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Since  the  weight  per  cubic  foot  of  masonry  was 
assumed  as  two  and  one-half  times  that  of  water, 
we  must  multiply  the  stresses  given  in  Table  I 
5 

t>y  *2  =  156.25,  to  reduce  to  pounds  per  square 

foot;  or  by  1.085,  to  reduce  to  pounds  per  square 
inch. 

TABLE  I. 


X 

0 

10 

25 

50 

V . 

32.24 

43.15 

59.50 

86.77 

Q . 

-0.64 

8.91 

22.98 

45.75 

P' . 

80.01 

80.02 

79.66 

79.11 

Max.  / . 

80.02 

82.06 

94.67 

128.85 

Min.  / . 

32.23 

41.11 

44.48 

37.03 

6  for  max.  / .  . 

90°  46' 

77°  06' 

1  ^ 

1  Oi 

1  o 

o 

42°  36 

X 

75 

100 

134 

P . 

114.04 

141  .30 

178.39 

q . 

67  .65 

88.70 

115.95 

p' . 

79.01 

78.08 

75.37 

Max.  / . 

166.40 

203.85 

253.71 

Min.  / . 

26.64 

15.52 

0 

6  for  max.  / .  . 

37°  44' 

35°  12' 

33°  01' 

In  Table  1  the  stresses  are  those  experienced  at 
the  level,  /?.  =  200. 

p=  vertical  unit  stress  on  a  horizontal  plane; 
g  =  shearing  unit  stress  on  horizontal  or  ver¬ 
tical  planes; 

p' =horizontal  unit  stress  on  vertical  planes; 
Max. /=  maximum  normal  stress  acting  on  a  plane 
inclined  to  the  horizontal  at  the  angle, 
0,  given  on  the  last  line; 
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Min. /=  minimum  normal  stress  acting  on  a  plane 
perpendicular  to  the  last. 

From  max.  /  and  min.  f,  with  8,  the  ellipse  of 
stress  can  be  drawn,  and  the  stress  in  any  direc¬ 
tion,  with  the  plane  on  which  it  acts,  can  be 
ascertained. 

It  will  be  observed  that  there  is  no  tension 
exerted  anywhere,  and  that  the  maximum  com¬ 
pression  is  253.71,  or  275  lbs.  per  square  inch, 
which  is  exerted  at  the  outer  face,  parallel  to  that 
face,  upon  a  plane  at  right  angles  to  the  face. 

In  Appendix  III  (e),  the  important  formula,  for 
the  maximum  normal  intensity  at  the  outer  face, 
acting  parallel  to  that  face. 


cos^^’ 

is  proved.  In  this  instance,  p  =  178.39,  tan  ^== 
0.65,  therefore  ^=33°  01',  whence  /=253.71. 

This  stress  is  unaccompanied  with  any  conju¬ 
gate  stress,  perpendicular  to  the  face.  In  the 
interior  of  the  dam,  where  conjugate  stresses 
prevail,  the  masonry  is  perhaps  better  able  to 
withstand  a  certain  compressive  stress  than  at  the 
face.  The  distribution  of  stresses,  at  the  level, 
A  =  200,  is  shown  in  Fig.  20,  on  the  supposition 
that  the  base  of  the  dam  is  a  little  below  that 
level.  The  connection  with  the  foundation  mate¬ 
rially  modifies  this  distribution;  but  Fig.  20  shows 
the  distribution  for  sections,  say,  from  10  to  20  ft. 
above  the  base,  up  to  the  level  h  =  100,  fairly  well, 
on  the  basis  of  the  trapezoid  law.  As  has  been 
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mentioned  before,  this  law  gives  a  pressure  greater 
than  the  actual  at  the  outer  face. 

Since  the  batter  of  the  inner  face  is  very  small, 
the  results  of  Table  I  should  agree  approximately, 
except  near  the  inner  face,  with  those  found  by 
Mr.  Hill  in  the  paper  referred  to  in  the  foot  note. 


«-0  10  as  so  7S  lOO  IM 


Substituting  numerical  values,  Mr.  Hill’s  formulas, 
for  h  =  200,  reduce  to 

o  =  0.9426X  -  0.0005768x2, 

p' =80-0.0001289x2-0.0000009615x2; 


giving: 
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X 

0 

10 

25 

50 

75 

100 

134 

Q 

0 

9.36 

23.20 

45.69 

67.45 

88.49 

115.95 

V' 

80 

79.99 

79.90 

79.56 

78.87 

77.75 

75.38 

On  comparnig  these  formulas  with  those  of  the 
writer,  it  will  be  observed  that  the  absolute  term 
in  the  value  of  q  and  a  consequent  term  of  the 
first  degree  in  x,  in  the  value  of  p' ,  are  lacking 
in  Mr.  Hill’s  formulas.  This  results  from  taking 
the  inner  face  as  vertical.  Although  the  coeffi¬ 
cients  also  differ,  it  is  seen  that  the  numerical 
values  are  very  nearly  the  same. 

In  Fig.  21  are  shown,  on  a  drawing  of  the  dam, 
to  scale,  the  lines  of  the  centers  of  pressure  for 
reservoir  full  and  empty. 

To  the  right,  and  under  the  word  “factors,” 
are  certain  numbers,  written  in  the  form  of  frac¬ 
tions.  For  any  joint,  the  upper  number  gives 
the  factor  against  overturning,  or  the  number  by 
which  it  is  necessary  to  multiply  the  water  pressure 
down  to  the  joint,  to  cause  the  total  resultant  to 
pass  through  the  outer  edge  of  the  joint  con¬ 
sidered.  The  lower  numbers  give  the  ratio  of  the 
weight  of  masonry  above  a  joint  to  the  water 
pressure  corresponding. 

It  is  believed  that  these  “factors”  should  in¬ 
crease  from  the  base  upward,  to  allow  somewhat 
for  earth(!juakes,  expansion  of  ice  in  freezing,  etc., 
since  the  effects  of  such  accidental  forces  is  pro¬ 
portionately  greater  on  the  upper  joints. 

Stresses  due  to  water  infiltration  are  not  included 
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here;  neither  are  stresses  due  to  temperature 
changes. 

The  unit  stresses,  /,  in  pounds  per  square  inch, 
acting  parallel  to  the  adjacent  face,  are  as  follows, 


so 


and  refer  to  the  outer  edges  of  the  joints,  for 
reservoir  full,  and  to  the  inner  edges  for  reservoir 


empty : 

h 

50 

100 

150 

200 


/  at  Outer  Edge, 

85 

136 

204 

275 


at  Inner  Edge. 

58 

133 

180 

228 
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The  stresses,  /,  are  normal  pressures  on  planes 
perpendicular  to  the  respective  faces,  and  are  the 
greatest  stresses  that  can  be  experienced  in  the 
dam.  In  fact,  they  are  greater  than  the  true 
stresses,  since  the  trapezoid  law  is  not  exact, 
particularly  near  the  base,  as  before  remarked. 

It  would  then  seem  that  the  dam,  thus  far,  is  safe, 
since  the  maximum  unit  stress  is  less  than  con¬ 
crete,  even,  is  subjected  to  daily,  in  good  practice. 

For  an  actual  construction,  the  outer  face  should 
be  curved,  from  near  A  =  50  to  the  top,  as  shown 
by  the  curved  dotted  line  in  Fig.  21. 

The  subject  of  the  stresses  in  masonry  dams 
has  caused  a  great  deal  of  discussion  among 
British  engineers  in  the  last  two  or  three  years. 
The  subject  was  reopened  by  Mr.  L.  W.  Atcherly  » 
and  Professor  Karl  Pearson,  i  who  gave  the  results 
of  certain  experiments  which  seemed  to  indicate 
considerable  tension  across  vertical  planes  near  the 
outer  toe.  The  late  Sir  Benjamin  Baker,  Hon. 

M.  Am.  Soc.  C.  E.,  also  published  ^  the  results  of 
experiments  on  a  model  dam  of  stiff  jelly,  and 
very  recently,  the  “Experimental  Investigations” 
of  Sir  J.  W.  Ottley  and  Mr.  A.  W.  Brightmore *  *  on 
elastic  dams  of  “plasticine”  (a  kind  of  modeling 
clay)  and  the  experiments  of  Messrs.  J.  S.  Wilson 
and  W.  Gore'*  on  “India  Rubber  Models”  have 
been  presented. 

1  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  CLXII,  p. 
456. 

2  Ibid.,  Vol.  CLXII,  p.  123. 

*  Ibid.,  Vol.  CLXXII,  p.  89. 

<  Ibid.,  Vol.  CLXXII,  p.  107. 
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It  is  not  the  object  of  this  paper  to  discuss  these 
later  experiments;  but  it  may  be  remarked  that 
they  show  very  plainly  that  no  tension  exists  near 
the  outer  toe,  but  that  tension  does  exist  at 
the  inner  toe,  where  the  dam  is  joined  to  the 
foundation,  and  it  has  become  a  serious  matter 
how  to  deal  with  it.  The  influence  of  the  founda¬ 
tion  in  modifying  the  distribution  of  the  stresses 
at  the  base  of  the  dam  was  found  to  be  very  great, 
causing  the  shear  there  to  be  more  uniform  than 
higher  up,  where  the  parabolic  law,  nearh^  as  given 
by  the  formulas  above,  was  found  to  hold.  Also, 
above  some  undertermined  plane,  a  small  distance 
above  the  base,  the  usual  ‘'law  of  the  trapezoid” 
was  found  to  be  approximately  correct,  leading  to 
stresses  on  the  safe  side  at  the  outer  toe.  This 
law  leads  to  stresses  at  the  outer  toe  of  the  base 
considerably  in  excess  of  the  true  ones. 

It  was  found,  from  the  rubber  models  particu¬ 
larly,  as  theory  indicates,  that  the  greatest  normal 
pressures  are  exerted  at  the  down-stream  face, 
for  reservoir  full,  and  they  act  in  a  direction 
parallel  to  that  face. 
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APPENDIX  III. 


RELATIONS  BETWEEN  STRESSES  AT  ANY 
POINT  OF  A  DAM. 

(a)  Consider  a  cube  of  masonry,  Fig.  22,  the 
edge  of  which  has  the  length,  a,  bounded  by  ver¬ 
tical  and  horizontal 
planes  and  subjected  to 
normal  and  shearing 
forces,  caused  by  the 
action  of  the  other  parts 
of  the  dam.  Since  a 
will  be  supposed  to  di¬ 
minish  indefinitely,  the 
weight  of  the  cube, 
which  is  proportional  to 
a*,  is  an  infinitesimal  of 
the  third  order,  and  can 
be  neglected  in  comparison  with  the  normal  forces, 
which  vary  as  and  are  thus  of  the  second  order. 

Similarly,  the  average  unit  stresses  exerted  on 
the  faces  can  be  treated  from  the  first  as  the  unit 
stresses  at  any  point.  A,  of  the  cube.  As  a 
diminishes  indefinitely,  the  oppositely  directed 


Fig.  22. 
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normal  forces  approach  equality  and  balance 
independently;  hence  the  couples  formed  by  the 
shears  on  opposite  faces  must  likewise  approach 
equality;  the  one  being  right-handed,  the  other 
left-handed;  therefore  qaXa  =  q'aXa,  or  q=q'’, 
hence,  the  intensities  of  shear  at  a  point  on  two 
planes  at  right  angles  are  equal.  The  relative 
directions  of  the  shears  on  two  planes  at  right 
angles  are  determined,  as  above,  from  the  con¬ 
sideration  that  one  resulting  couple  must  be  right- 
handed  and  the  other  left-handed.  This  applies 
also  to  Figs.  23  to  26. 

JB 


(6)  In  Fig.  23,  ABC  is  the  right  section  of  a 
prism  at  the  outer  face,  with  lateral  faces  one  unit 
in  length,  perpendicular  to  the  plane  of  the  paper. 
Let  AB  be  vertical;  tan  (f>  =  m,  a  constant; 

p  =  normal  intensity  on  a  horizontal  plane  at 

C; 

p'  =  normal  intensity  on  a  vertical  plane  at  C; 
g  =  shear  intensity  on  horizontal  or  vertical 
planes  at  C. 
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The  weight  of  the  prism  is  ^ab. 

Balancing  vertical  as  well  as  horizontal  com¬ 
ponents,  we  have,  when  a  =  AB  and  b=AC  are 
very  small, 

pb  =  qa  +  ^ab,  nearly; 
p'a  —  qb. 

Dividing  the  first  equation  by  b,  the  second  by 
a,  the  limit,  as  a  and  b  approach  zero,  gives  exactly, 

p  =  q  cot  therefore  q  =  mp; 

p'=q  tan  therefore  p' =m^p,  pp'  =  q^. 

These  equations  give  the  relations  between  p, 
q,  and  p'  at  the  outer  face.  The  same  relations 
hold  at  the  inner  face,  for  reservoir  empty,  on 
replacing  ^  by  the  angle  the  inner  face  makes 
with  the  vertical. 

For  the  remaining  cases,  the  final  limits  will  be 
written  at  once,  since  the  complete  process  of 
deriving  them  is  evident  from  the  above.  In  fact, 
the  weight  of  the  prism,  ^ab,  being  of  the  second 
order,  can  be  neglected  in  comparison,  with 
qa,  etc. 

2 

(c)  For  reservoir  full,  calling  w  =  -^h,  the  inten- 

o 

sity  of  water  pressure,  horizontally  or  vertically, 
at  C,  we  have  at  the  inner  face,  putting  tan  <}>'  —n, 
Fig.  24, 

pb  =  qa  +  wb;  p'a  =  qb  +wa; 

1 

p=—q+w;  p  =qn  +  w. 

Tt 


therefore 
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(d)  If  the  vertical  component  of  the  water 
pressure  is  neglected,  these  equations  reduce  to 


p'=qn  +  w, 


therefore 


q  =  pn;  -p'  -{-w. 


Fig.  24. 


Fig.  25. 


(e)  Since  the  shear  on  the  outer  face  is  zero, 
therefore,  by  (a),  the  shear  on  a  plane,  AD,  Fig.  25, 
perpendicular  to  the  outer  face,  is  al.so  zero,  or 
the  stress  on  AD  is  normal. 

Call  /  the  intensity  of  such  a  stress  at  C.  The 
total  pressure  on  AD=f'KAD=fb  cos  4),  and  its 
vertical  component  is  fh  cos^  </>,  therefore  balancing 
the  vertical  components. 


pb=/b  cos20; 


therefore 
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This  is  a  most  important  formula  for  finding 
the  maximum  normal  intensity  at  the  outer  face. 
It  applies  equally  to  the  inner  face  for  reservoir 
empty,  on  changing  (j)  to  <j)' ,  the  angle  the  inner 
face  makes  with  the  vertical.  For  either  face,  p 
is  the  vertical  normal  unit  stress  at  the  face  con¬ 
sidered. 

(/)  Principal  Normal  Stresses  at  Any  Point  in 
the  Dam  and  the  Planes  on  which  they  Act. — In  the 
prism,  ABC,  Fig,  26,  let  AB  be  one  of  the  planes 


Fig.  26. 


on  which  the  stress  is  normal.  Let  /  be  its  inten¬ 
sity.  The  stress  on  the  plane,  AB,  of  unit  length 
perpendicular  to  the  plane  of  the  paper,  is  thus 
/c;  its  vertical  component  is  fc  cos  B  =fb,  and  its 
horizontal  component  is  fc  sin  B  =  fa,  B  being  the 
angle  that  AB  makes  with  the  horizontal. 

Place  the  sum  of  the  vertical  forces  acting  on 
ABC  equal  to  zero;  also  place  the  sum  of  hori¬ 
zontal  forces  equal  to  zero. 
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fh  —  pb-\-qa,  therefore  f—p  =qt2in9,. 
fa  =  qh  +  p'a,  therefore  f— p'=q  cot  d. 

The  difference  of  the  last  two  equations  gives 


,  ^  ^  1  —  tan2  8 

p  —  p  =g(cot  ^-tan  8) 


2  tan  8  2q 

therefore  tan  28  =  z. - - — 7-  = - ; . 

1  — tan^(^  p  —  p 

\ 

The  angles,  8  (differing  by  90°),  computed  from 
this  equation,  give  the  directions  of  the  planes, 
AB,  on  which  the  stress  is  entirely  normal. 

From  an  equation  above,  we  likewise  have 


tan  8  = 


f-P 


This  gives  directly  the  plane  on  which  a  given 
/  acts. 

To  deduce  a  formula  for  /,  take  the  product  of 
two  equations  above: 


(/-P)(/-P')=9^ 


therefore  f  =^[p+p'  ±  (p  — 

This  equation  gives  the  two  values  of  /  corre¬ 
sponding  to  the  two  planes  mentioned;  com- 


\ 
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pressive  when  /  is  positive,  tensile  when  negative. 
There  can  be  no  tension  when  pp'  >  g*. 

A  better  form  for  computation  is, 

f=^\P  +  P'  (V^^) * +4g»J. 
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Manual  of  Practical  Potting.  Compiled  by 

Experts.  Third  Edition,  revised  and  enlarged. 
8vo.  cloth . net.  S7..5ft 

- The  Potter's  Craft.  A  practical  guide  for  the 

studio  and  workshop.  Illustrated,  12mo,  cloth. 
. •. . ■ . In  Press. 

BIRCHMORE,  W.  H.,  Dr.  How  to  Use  a  Gas 

Analysis.  12mo, -cloth,  illus.,  75  pp.  ..net,  $1.25 

BLAINE,  ROBERT  G.  The  Calculus  and  Its  Ap¬ 
plications.  A  practical  treatise  for  beginners, 
especially  engineering  students.  79  illustra¬ 
tions.  12mo,  cloth,  320  pp . net,  $2.00 

BLAKE,  W.  H.  Brewer's  Vade  Mecuni.  With 

Tables  and  marginal  reference  notes.  8vo, 
cloth  . net,  $4.00 

- W.  P.  Report  upon  the  Precious  Metals.  Be¬ 
ing  Statistical  Notices  of  the  Principal  Gold 
and  Silver  producing  regions  of  the  world,  rep¬ 
resented  at  the  Paris  Universal  Exposition. 
8vo,  cloth  . $2.00 
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BL.IGH,  W.  G.  The  Practical  Design  Irriga¬ 
tion  Works.  With  numerous  tables,  figures 
and  folding  diagrams.  Illustrated.  8vo,  cloth, 
390  pp . net,  $6.00 

BLYTH,  A.  \V.,  M.R.C.S.,  F.C.S.  Foods;  Their 

Composition  and  Analysis.  A  Manual  for  the 
use  of  Analytical  Chemists,  with  an  Introduc¬ 
tory  Essay  on  the  History  of  Adulterations. 
With  numerous  tables  and  illustrations.  Fifth 
Edition,  thoroughly  revised,  enlarged  and  re¬ 
written.  8vo,  cloth  . $7.50 

- M.R.C.S.,  F.C.S.,  Poisons:  Their  Effects  and 

Detection.  A  Manual  for  the  use  of  Analytical 
Chemists  and  Experts,  with  an  Introductory 
Essay  on  the  Growth  of  Modern  Toxicology. 
New  Edition  . net,  $7.. 50 

BOCKMANN,  F.  Celluloid;  Its  Raw  Material, 

Manufacture,  Properties  and  Uses.  A  hand¬ 
book  for  manufacturers  of  celluloid  and  cellu¬ 
loid  articles  and  all  industries  using  celluloid, 
also  for  dentists  and  teeth  specialists.  49  il¬ 
lustrations.  12mo,  cloth,  120  pp....net,  $2.50 

BODMER,  G.  R.  Hydraulic  Motors  and  Turbines. 

For  the  use  of  Engineers,  Manufacturers  and 
Students.  Third  Edition,  revised  and  enlarged. 
With  192  illustrations.  12mo,  cloth  .  .  .  .$i5.00 

BOILEAU,  J.  T.  A  New  and  Complete  Set  of 

Traverse  Tables,  showing  the  Difference  of 
Latitude  and  Departure  of  every  minute  of  the 
Quadrant  and  to  five  places  of  decimals.  8vo, 
cloth  . S5.00 

BONNEY,  G.  E.  The  Electro-platers’  Handbook. 

A  Manual  for  Amateurs  and  Young  Students 
of  Electro-metallurgy.  60  illustrations.  12mo, 

cloth  . ).... . .$1.20 

BOOTH,  W.  H.  Water  Softening  and  Treatment, 

Condensing  Plant,  Feed  Pumps,  and  Heaters 
for  Steam  Users  and  Manufacturers.  8vo, 
cloth,  illustrated  . ■ . net,  $2.50 

——Superheaters  and  Superheating  and  Their 

Control.  8vo,  cloth,  illustrated . net,  $1.50 

BOTTCHER,  A.  Cranes;  Their  Construction,  Me¬ 
chanical  Equipment  and  Working.  Translated 
and  Supplemented  with  English  American  and 
Continental  Practice  by  A.  Tolhausen.  With 
560  Illustrations,  41  tables  and  63  folding 
plates.  517  pp.,  4to,  cloth . net,  $10.00 

BOTTONE,  S.  R.  Magnetos  for  Automobiles. 

How  Made  and  How  Used.  34  illustrations. 
12mo,  cloth,  88  pp . net,  $1.00 
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BOURRY,  E.  Treatise  on  Ceramic  IndustricN. 

A  Complete  Manual  for  Pottery,  Tile  and  Brick 
works.  Translated  from  the  French  by  Wil¬ 
ton  P .  Fix.  With  323  figures  and  illustrations. 
8vo,  cloth,  illustrated . net,  $8.50 

Bt)\V,  R.  II.  A  Treatise  on  Bracing.  With  its 

application  to  Bridges  and  other  Structures  of 
Wood  or  Iron.  156  illus.  8vo,  cloth  . $l..no 

BOWIE,  Al. G.  .1.,  Jr.,  M.E.  A  Practical  Treatl.se 

on  Hydraulic  Mining  in  California.  With  De¬ 
scription  of  the  Use  and  Construction  of 
Ditches,  Plumes,  Wrought-iron '  Pipes  and 
Dams;  Flow  of  Water  on  Heavy  Grades,  and 
its  Applicability,  urlder  High  Pressure,  to  Min¬ 
ing.  Ninth  Edition.  Small  fiuarto,  cloth.  Il¬ 
lustrated  . $.5.00 

BOWRER.  AViu.  B.  llyitaiiii<t.  Motor  ami  S>vit<*li- 

board  Circuits.  b'or  Electrical  Engineers.  A 
practical  book,  dealing  with  the  subject  of 
Direct,  Alternating,  and  Polyphase  Currents. 
With  over  100  diagrams  and  engravings.  Sec¬ 
ond  Edition,  revised  and  enlarged.  8vo,  cloth. 
. . . net,  $2.50 

BOWSER,  E.  A.,  Prof.  An  Elementary  Treatise 

on  Analytic  Geometry.  Embracing  Plane  Ge¬ 
ometry,  and  an  Introduction  to  Geometry  of 
three  Dimensions.  Twenty-first  Edition.  12mo, 
cloth  . $1.75 

- An  Elementary  Treatise  on  the  Differential 

and  Integral  Calculus.  With  numerous  ex¬ 
amples.  Twenty-first  Edition.  Enlarged  by 
640  additional  examples.  12mo,  cloth  ...$2.2.5 

- An  Elementary  Treatise  on  Analytic  Mechan¬ 
ics.  With  numerous  examples.  Twentieth  Edi¬ 
tion.  12mo,  cloth  . $3.00 

- An  Elementary  Treatise  on  Hydro-mechan¬ 
ics.  With  numerous  examples.  Fifth  Edition. 
12mo,  cloth  . $2.50 

— — A  Treati.se  on  Roofs  and  Bridges.  With 

Numerous  Exercises,  especially  adapted  for 
school  use.  12mo,  cloth.  Illustrated,  net,  $2.25 

BOYCOTT,  G.  W,  M.  Compressed  Air  Work  and 

Diving.  A  handbook  for  engineers,  comprising 
deep  water  diving  and  the  use  of  compressed 
air  for  sinking  caissons  and  cylinders  and  for 
driving  subaqueous  tunnels.  Illustrated.  8vo, 
cloth,  128  pp . net,  $4.00 

BRAGG,  EDWARD  M.  Marine  Engine  Design. 

Illustrated.  12mo,  cloth,  160  pp . In  Press, 
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BR ASSET’S  Naval  Annual  for  1909.  Edited  by 

T.  A.  Brassey:  With  numerous  full-page  dia¬ 
grams,  half-tone  illustrations  and  tables. 
Twenty-third  year  of  publication.  8vo,  cloth, 
illustrated  . net,  $5.00 

BRIGHT,  CHARLES.  The  Life  Story  of  Sir 

Charles  Tilson  Bright,  Civil  Engineer.  With 
which  is  incorporated  “The  Story  of  the  At¬ 
lantic  Cable”  and  “The  First  Telegraph  to  In¬ 
dia  and  the  Colonies.”  Revised  and  Abridged 
Edition.  Illustrated.  8vo,  cloth,  490  pp. 
. . . . net,  $4.50 

British  Standard  Sections...  Issued  by  the  En¬ 
gineering  Standards  Committee,  Supported  by 
The  Institution  of  Civil  Engineers,  The  Insti¬ 
tution  of  Mechanical  Engineers,  The  Institu¬ 
tion  of  Naval  Architects,  The  Iron  and  Steel 
Institute,  and  The  Institution  of  Electrical 
Engineers.  Comprising  9  plates  of  diagrams, 
with  letter-press  and  tables.  Oblong  pam¬ 
phlet,  8%xl5  $1.00 

BROWN,  SIR  HANBURY,  K.C.^.G.  Irrigation: 

Its  Principles  and  Practice  as  a  Branch  of 
Engineering.  8vo,  cloth,  301  pp.  Ulus.,  net,  $5.00 

■  WM.  N.  The  Art  of  Enamelling  on 
Metal.  With  figures  and  illustrations.  12mo, 
cloth,  illustrated  . net,  $1.00 

———Handbook  on  Japanning  and  Enamelling,  for 

Cycles,  Bedsteads,  Tinware,  etc.  12mo,  cloth. 
Illustrated  . net,  $1.50 

, — -House  Decorating  and  Painting.  With  Nu¬ 
merous  illustrations.  12mo,  cloth,  net,$1.60 

———History  of  Decorative  Art.  With  Designs 

and  Illustrations.  12mo,  cloth  . net,  $1.25 

—Principle  and  Practice  of  Dipping,  Burnish¬ 
ing,  Lacquering  and  Bronzing  Brass  Ware. 
12mo,  cloth  . net,  $1.00 

■  -.-Workshop  Wrinkles  for  Decorators,  Paint¬ 
ers,  Paper-Hangers  and  Others.  8vo,  cloth. 
. , . net,  $1.00 

BRIJCE,  E.  M.,  Prof.  Pure  Food  Tests:  the  De¬ 
tection  of  the  Common  Adulterants  of  Foods 
by  Simple  Qualitative  Tests.  A  ready  manual 
for  Physicians,  Health  Officers,  Food  Inspect¬ 
ors,  Chemistry  Teachers,  and  all  especially 
Interested  in  the  Inspection  of  Food.  12mo, 
cloth,  Illustrated . net,  $1.26 
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BRUHNS,  Dr.  New  Manual  of  LiOgrarithms  to 

Seven  Places  of  Decimals.  Seventh  Edition. 
8 VO,  half  morocco  . ,$2.50 

BRUNNER,  R.  Manufacture  of  Liubrlcants,  Shoe 

Polishes  and  Leather  Dressings.  Containing 
instructions  for  the  preparation  of  all  kinds 
of  lubricants,  such  as  axle  and  machinery 
greases,  oils  for  lubricating  sewing  machines, 
and  other  working  machinery,  mineral  lubri¬ 
cating  oils,  clockmakers’  oils,  as  well  as  shoe 
polishes,  leather  varnishes,  dressings  for  all 
kinds  of  leather  and  degras.  Translated  from 
the  Sixth  (enlarged)  German  edition  by  Chas. 
Salter.  8vo,  cloth,  illustrated . net,  $3.00 

BULMAN,  H.  P.,  aud  REDMAYNE,  R.  S.  A.  Col¬ 
liery  Working  and  Management;  comprising 
the  duties  of  a  colliery  manager,  the  superin¬ 
tendence  and  arrangement  of  labor  and  wages, 
and  the  different  systems  of  working  coal- 
seams.  With  engravings,  diagrams,  and  ta¬ 
bles.  Second  Edition,  revised  and  enlarged. 
8vo,  cloth,  illustrated  . net,  $6>00 

BURGH,  N.  P.  Modern  Marine  Engineering,  Ap¬ 
plied  to  Paddle  and  Screw  Propulsion.  Con¬ 
sisting  of  36  colored  plates,  259  practical 
woodcut  illustrations  and  403  pages  of  descrip¬ 
tive  matter.  The  whole  being  an  exposition 
of  the  present  practice  of  James  Watt  &  Co., 
J.  &  G.  Rennie,  R.  Napier  &  Sons,  and  other 
celebrated  firms.  Thick  quarto,  half  morocco. 
. .  $10.00 

BURT,  W.  A.  Key  to  the  Solar  Compass,  and 

Surveyor’s  Companion.  Comprising  all  the 
rules  necessary  for  use  in  the  field;  also  de¬ 
scription  of  the  Linear  Surveys  and  Public 
Land  System  of  the  United  States,  Notes  on 
the  Barometer,  Suggestions  for  an  Outfit  for 
a  Survey  of  Pour  Months,  etc.  Eighth  Edition. 
Pocket  size,  full  leather  . ....$2.50 

BUSKETT,  E.  W.  Fire  Assaying:  a  Practical 
Treatise  on  the  Fire  Assaying  of  Gold,  Silver, 

.  and  Lead,  including  descriptions  of  the  appli¬ 
ances  used.  12mo,  cloth,  illus.,  105  pp.,  net,  $1.25 

CAIN,  W.,  Prof.  Brief  Course  in  the  Calculns. 

With  figures  and  diagrams.  8vo,  cloth,  illus¬ 
trated  . . net,  $1.75 

Theory  of  Steel-concrete  Arches  and  of 
Vaulted  Structures.  Fifth  Edition,  revised  and 
enlarged.  16mo,  cloth.  Illustrated.  (Van  Nos¬ 
trand  Science  Series)  . $0.50 
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CAMPIN,  P.  On  the  Construction  of  Iron  Roofs. 

A  Theoretical  and  Practical  Treatise,  with 
woodcuts  and  plates  of  roofs  recently  execu¬ 
ted.  8vo,  cloth  . ?2.00 

CARPENTER,  Prof.  R,  C.,  and  DIEDERICHS, 

Prof.  H.  Internal  Combustion  Engines.  With 
figures  and  diagrams.  8vo,  cloth,  illustrated. 
. net,  $4.00 

CARTER,  E.  T.  Motive  Power  and  Gearing  for 

Electrical  Machinery.  A  treatise  on  the  Theory 
and  Practice  of  the  Mechanical  Equipment  of 
Power  Stations  for  Electrical  Supply  and  for 
Electric  Traction.  Second  Edition,  revised  in 
part  by  G.  Thomas-Davies.  8vo,  cloth,  illus¬ 
trated  . $5.00 

CATHCART,  Win.  Li.,  Prof.  Machine  Design. 

Part  I.  Fastenings.  8vo,  cloth,  illustrated. 
. net,  $3.00 

- T/Oss  of  Heat  from  Steam  Pipes.  Svo,  cloth, 

illustrated . In  Press. 

— ^ — and  CHAFFEE,  J.  I.  Course  of  Graphic 

Statics  Applied  to  Mechanical  Engineering. 
Svo,  cloth.  Ulus . In  Press. 

CAVEN,  R.  31.,  and  DANDER,  G.  D.  Systematic 
Inorganic  Chemistry  from  the  Standpoint  of 
the  Periodic  Law.  A  text-book  for  advanced 
students.  374  pp.,  illustrated,  12mo,  cloth. 

. net,  $2.00 

CHA3IBERS’  3IATHE3IATICAD  TABLES,  con¬ 

sisting  of  Logarithms  of  Numbers  1  to  108,000, 
Trigonometrical,  Nautical  and  other  Tables. 
New  Edition.  Svo,  cloth . $1.75 

CHARNOCK,  G.  P.  Workship  Practice.  Svo, 

cloth.  (Van  Nostrand’s  Westminster  Series.) 
. In  Press. 

CHARPENTIER,  P.  Timber..  A  Comprehensive 

Study  of  Wood  in  all  its  Aspects,  Commercial 
and  Botanical.  Showing  the  Different  Appli¬ 
cations  and  Uses  of  Timber  in  Various  Trades, 
etc.  Translated  into  English.  8vo,  cloth. 


illus . net,  $6.00 

CHATDEY,  H.  Principles  and  Designs  of  Aero¬ 
planes,  with  6  folding  plates,  12mo,  cloth,  il¬ 
lustrated . In  Press 


CHILD,  C.  T.  The  How  and  Why  of  Electricity. 

A  Book  of  Information  for  non-technical  read¬ 
ers,  treating  of  the  Properties  of  Electricity, 
and  how  it  is  generated,  handled,  controlled, 
measured  and  set  to  work.  Also  explaining 
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the  operation  of  Electrical  Apparatus.  8vo, 
cloth,  illustrated  . $1.00 

CHRISTIE,  W.  W.  Boiler-waterjs,  Seale,  Corro¬ 
sion,  Foaming.  8vo,  cloth,  illustrated,  net,  $3.00 

- Chimney  Design  and  Theory,  A  Book  for 

Engineers  and  Architects,  with  numerous  half¬ 
tone  illustrations  and  plates  of  famous  chim¬ 
neys.  Second  Edition,  revised.  8vo,  cloth,  $3.00 

- Furnace  Draft:  its  Production  hy  Mechanical 

Methods.  A  Handy  Reference  Book,  with  fig¬ 
ures  and  tables.  16mo,  cloth,  illustrated.  (Van 
Nostrand’s  Science  Series)  . $0  50 

CHURCH’S  UABORATORY  GUIDE:  a  Manual  of 

Practical  Chemistry  for  Colleges  and  Schools, 
specially  arranged  for  Agricultural  Students. 
Eighth  Edition,  revised  and  party  rewritt  m 
by  Edward  Kinch,  F.I.C.  8vo,  cloth,  illustrated. 
349  pp . net,  $3.50 

CUAPPERTOIV,  G.  Practical  Paper-making.  A 

Manual  for  Paper-makers  and  Owners  and 
Managers  of  Paper  Mills,  to  which  is  appended 
useful  tables,  calculations,  data,  etc.,  with  il¬ 
lustrations  reproduced  from  micro-photo¬ 
graphs.  Second  Edition,  revised  and  enlarged. 
8vo,  cloth,  illustrated,  226  pp . net,  $2.50 

CLARK,  C.  H.  Marine  Gas  Engines,  Their  Con¬ 
struction  and  Management . In  Press. 

- D.  K.,  C.  E.  A  Manual  .of  Rules,  Tables 

and  Data  for  Mechanical  Engineers.  Based  on 
the  most  recent  investigations.  Illustrated 
with  numerous  diagrams.  1012  pages.  8vo, 
cloth.  Sixth  Edition  . $5.00 

- Fuel:  its  Combustion  and  Economy;  consist¬ 
ing  of  abridgments  of  Treatise  on  the  Com¬ 
bustion  of  Coal.  By  C.  W.  Williams,  and  the 
Economy  of  Fuel,  by  T.  S.  Prideaux.  With  ex¬ 
tensive  additions  in  recent  practice  in  the 
Combustion  and  Economy  of  Fuel,  Coal,  Coke, 
Wood,  Peat,  Petroleum,  etc.  Fourth  Edition. 
12mo,  cloth  . $1.50 

- The  Mechanical  Engineer’s  Pocket-book  of 

Tables,  Formulae,  Rules  and  Data.  A  Handy 
Book  of  Reference  for  Daily  Use  in  Engineer¬ 
ing  Practice.  12mo,  cloth.  Sixth  Edition, 
carefully  resised  throughout  . . $3, CO 

- Tramways:  Their  Construction  and  Working. 

Embracing  a  comprehensive  history  of  the 
system,  with  accounts  of  the  various  modes  of 
traction,  a  description  of  the  varieties  of  roll- 
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In^  stock,  and  ample  details  of  Cost  and 
Working  Expenses.  Second  Edition,  rewritten 
and  greatly  enlarged,  with  upwards  of  400  il¬ 
lustrations.  Thick  8vo,  cloth . . $7.50 

— — J,  M.  New  Sy.stem  of  Laying  Out  Railway 
Turnouts  instantly,  by  inspection  from  tables. 
12mo,  cloth  . $1.00 

CL.AUSEN-THIJE,  W.  The  ABC  Universal 

Commercial  Electric  Telegraphic  Code;  spe¬ 
cially  adapted  for  the  use  of  Financiers,  Mer¬ 
chants,  Ship-owners,  Brokers,  Agents,  etc. 

Fourth  Edition.  8vo,  cloth  . $5.00 

Fifth  Edition  of  same  . $7.00 

——The  A  1  Universal  Commercial  Electric  Tele¬ 
graphic  Code.  Over  1240  pages  and  nearly 
90,000  variations.  8vo,  cloth  . $7.50 

CLiEEMANN,  T.  M.  The  Railroad  Engineer’s 
Practice.  Being  a  Short  but  Complete  De- . 
scription  of  the  Duties  of  the  Young  Engineer 
in  Preliminary  and  Location  Surveys  and  in 
Construction.  Fourth  Edition,  revised  and 
enlarged.  Illustrated.  12mo,  cloth  ....$1.50 

CLEVENGER,  S.  R.  A  Treatise  on  the  Method 
of  Government  Surveying  as  prescribed  by  the 
U.  S.  Congress  and  Commissioner  of  the  Gen¬ 
eral  Land  Office,  with  complete  Mathematical, 
Astronomical,  and  Practical  Instructions  for 
the  use  of  the  United  States  Surveyors  in  the 
field.  16mo,  morocco  . $2.50 

CLOUTEL  P.  Rubber,  Gutta-Percha,  and  Balata. 

First  English  Translation  with  Additions  and 
Emendations  by  the  Author.  With  numerous 
figures,  tables,  diagrams,  and  folding  plates. 
8vo,  cloth,  illustrated  . net,  $5.00 

COFFIN,  J.  H.  C.,  Prof.  Navigation  and  Nautical 

Astronomy.  Prepared  for  the  use  of  the  U.  S. 
Naval  Academy.  New  Edition.  Revised  by 
Commander  Charles  Belknap.  52  woodcut  il¬ 
lustrations.  12mo,  cloth . net,  $3.50 

COLE,  R.  S.,  M.A.  A  Treatise  on  Photographic 

Optics.  Being  an  account  of  the  Principles  of 
Optics,  so  far  as  they  apply  to  photography. 
12mo,  cloth,  103  illus.  and  folding  plates,  $2.50 

COLES-FINCH,  W.  Water,  Its  Origin  and  Use. 
Elaborately  illustrated.  8vo,  cloth,  540  pp. 
. net,  $5.00 

COLLINS,  J.  E.  The  Private  Book  of  Useful 
Alloys  and  Memoranda  for  Goldsmiths,  Jewel¬ 
ers,  etc.  ISmo,  cloth  . . . fO.50 
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— — -T.  B.  The  Steam  Turbine;  or  the  New  En¬ 
gine.  Svo,  cloth,  illustrated  . In  Press. 

COLiVIN,  FRED  H.  American  Compound  Doco- 

motives.  Svo,  cloth  . fl.60 

——Motions,  Links.  Valves  and  Valve  Setting. 
Pocket  size . $0.50 

— Pockethook,  The  Railroad.  A  quick  refer¬ 
ence  Cyclopedia  of  Railroad  information.  $1.00 

—Tapers,  Turning  and  Boring.  Pamphlet.  $0.25 

—and  CHENEY,  W.  L.  Arithmetic,  Machine 

Shop.  4th  ed.  Pocket  size  . $0.50 

—Arithmetic,  Engineers.  Pocket  Book  con¬ 
taining  the  foundation  principles  involved  in 
making  such  calculations  as  come  into  the 
practical  work  of  the  Stationary  Engin¬ 
eer . $0.50 

—and  STABEli.  Threads  and  Thread  Cutting. 
Pamphlet  . $0.25 

COMPTON,  Prof.  A.  G.  Engine  Lathes.  Illus¬ 
trated.  Svo,  cloth . In  Press. 

COOPER,  W.  R.,  M.A.  Primary  Batteries:  Their 

Construction  and  Use.  With  numerous  figures 
and  diagrams.  Svo,  cloth.  Illustrated,  net,  $4.00 

—“The  Electrician”  Primer.s;  being  a  series  of 
helpful  Primers  on  Electrical  Subjects  for  the 
use  of  Students,  Pupils,  Artisans,  and  General 
Readers.  Three  volumes  complete  In  one. 
Thick  Svo,  cloth.  Illustrated  . $5.00 

COPPERTHTVAITE,  Wm.  C.  Tnnnel  Shields,  and 

the  Use  of  Compressed  Air  in  Subaqueous 
Works.  With  numerous  diagrams  and  figures. 
4to,  cloth.  Illustrated  . net,  $9.00 

COREY,  H.  T.  Water  Supply  Engineering.  Il¬ 
lustrated  . . In  Press. 

CORNWALL,  H.  B.,  Prof.  Manual  of  Blow-pipe 

Analysis,  Qualitative  and  Quantitative.  With 
a  Complete  System  of  Determinative  Mineral¬ 
ogy.  Svo,  cloth,  with  many  illustrations,  $2.50 

COWELL,  W.  B.  Pore  Air,  Ozone  and  Water.  A 

Practical  Treatise  of  their  Utilization  and 
Value  in  Oil,  Grease,  Soap,  Paint,  Glue  and 
other  Industries.  With  tables  and  figures. 


12mo,  cloth,  illustrated  . net,  $2.00 

CRANE,  W.  E.  Engineering,  American  Station¬ 
ary.  iro,  cloth  . . . $2.00 
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CROCKER,  F.  Prof.  Electric  LightinK.  A 

Practical  Exposition  of  the  Art.  For  use  of 
Engineers,  Students,  and  others  inter(4Sted  in 
the  Installation  or  Operation  of  Electrical 
Plants.  Vol.  I.  The  Generating  Plant.  New 
Edition,  thoroughly  revised  and  rewritten. 

8vo,  cloth,  illustrated  . ...$3.00 

Vol.  II.  Distributing  Systems  and  Lamps. 
Fifth  Edition.  8vo,  cloth,  illustrated  ..$3.00 

CROCKER,  P.  B.,  and  ARENDT,  M.  Electric  Mo¬ 
tors,  Their  Action,  Control  and  Application. 
Illustrated.  8vo,  cloth . In  Press. 

- and  WHEELER,  S.  S.  Tlie  Management 

of  Electrical  Machinery.  Being  a  thoroughly 
revised  and  rewritten  edition  of  the  authors’ 
“Practical  Management  of  Dynamos  and  Mo¬ 
tors.’’  12mo,  cloth,  illustrated . net,  $1.00 

CROSS,  C.  F.,  BEVAN,  E.  J.,  and  SINDALL,  R.  W. 
Wood  Pulp  and  Its  Applications.  8vo.  cloth. 
(Van  Nostrand’s  Westminster  Series)  .In  Press. 

CROSSKEY,  L.  R.  Elementary  Perspective:  Ar¬ 
ranged  to  meet  the  requirements  of  Architects 
and  Draughtsmen,  and  of  Art  Students  pre¬ 
paring  for  the  elementary  examination  of  the 
Science  and  Art  Department,  South  Kensing¬ 
ton.  With  numerous  full-page  plates  and  dia¬ 
grams.  8vo,  cloth,  illustrated  . $1.00 

——and  THAW,  J.  Advanced  Perspective,  in¬ 
volving  the  Drawing  of  Objeots  when  placed 
in  Oblique  Positions,  Shadows  and  Reflections. 
Arranged  to  meet  the  requirements  of  Archi¬ 
tects,  Draughtsmen,  and  Students  preparing 
for  the  Perspective  Examination  of  the  Educa¬ 
tion  Department.  With  numerous  full-page 
plates  and  diagrams.  8vo,  cloth,  illus.  $1.60 

DALBY,  H.  A.  Train  Rules  and  Despateliing. 

Leather.  Pocket  size  . $1.50 

DAVENPORT,  C.  The  Book.  Its  History  and 

Development.  258  pp.  Illustrated.  8vo,  cloth. 
. net,  $2.00 

I^AVIES,  E.  H.  Machinery  for  Metalliferous 

Mines.  A  Practical  Treatise  for  Mining  En¬ 
gineers,  Metallurgists  and  Managers  of  Mines. 
With  upwards  of  400  illustrations.  Second 
Edition,  rewritten  and  enlarged.  8vo,  cloth. 
. net,  $8.00 

— D.  C.  A  Treatise  on  Metalliferous  Minerals 
and  Mining.  Sixth  Edition,  thoroughly  revised 
and  much  enlarged  by  his  son.  8vo,  cloth. 
. net,  $5.00 
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- H.  Electric  Power  and  Traction.  203  pp. 

8vo,  cloth . net,  $2.00 

day,  C.  The  Indicator  and  Its  Diagrams.  With 

Chaoters.  on  Eng’ine  and  Boiler  Testing;  in¬ 
cluding  a  Table  of  Piston  Constants  compiled 
by  W.  H.  Fowler.  12mo,  cloth.  125  illustra¬ 
tions  . $2.00 

DEITE,  Dr.  C.  Manual  of  Soapmaking,  includ¬ 
ing  medicated  soaps,  stain-removing  soaps, 
metal  polishing  soaps,  soap  powders  and  de¬ 
tergents.  With  a  treatise  on  perfumes  for 
scented  soaps,  and  their  production  and  tests 
for  purity  and  strength.  Edited  from  the  text 
of  numerous  experts.  Translated  from  the 
original  by  S.  I.  King,  F.C.S.  4to,  cloth,  il¬ 
lustrated  . . . net,  .$5.00 

DE  TA  COIJX,  H.  The  Industrial  Uses  of  Water. 

With  numerous  tables,  figures,  and  diagrams. 
Translated  from  the  French  and  revised  by 
Arthur  Morris.  8vo,  cloth  . net,  $4.50 

DEU  MAR,  W.  A.  Electric  Power  Conductors. 

69  illustrations.  8vo,  cloth,  330  pp..net,  $2.00 

DENNY,  G.  A.  Deep-level  Mines  of  the  Rand, 

and  their  future  development,  considered  from 
the  commercial  point  of  view.  With  folding 
plates,  diagrams,  and  tables.  4to,  cloth,  il¬ 
lustrated  . net,  $10.00 

DERR,  AV.  li.  Block  Signal  Operation.  A  Prac¬ 
tical  Manual.  Pocket  Size.  Oblong,  cloth. 
New  Edition,  rewritten  and  greatly  enlarged. 
.  $1.50 

DIBDIN,  AV.  ,T.  Pxihlic  Righting  hy  Gas  and 

Electricity.  With  tables,  diagrams,  engravings 
and  full-page  plates.  8vo,  cloth,  illustrated. 
. net,  $8.00 

- Purification  of  Sewage  and  AVater.  AA4th 

tables,  engravings,  and  folding  plates.  Third 
Edition,  revised  and  enlarged.  8vo,  cloth,  il- 
lus.  and  numerous  folding  plates  . $6. .50 

DIETERICII.  K.  Analysl.s  of  Resins,  Balsani.s, 

and  Gum  Resins:  their  Chemistry  and  Pharma- 
cognosis.  For  the  use  of  the  Scientific  and 


Technical  Research  Chemist.  With  a  Bibliog¬ 
raphy.  Translated  from  the  German,  by  Chas. 
Salter.  8vo,  cloth  . net,  $3.00 

INGER,  II.  C.,  Uieut.,  II.S.N,  Handbook  for  the 

Care  and  Operation  of  Naval  Machinery.  12mo. 
cloth,  illustrated . net,  $2.00 


DIXON,  D.  B.  The  Machinist’s  and  Steam  En¬ 
gineer’s  Practical  Calculator.  A  Compilation 
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of  Useful  Rules  and  Problems  arithmetically 
solved,  together  with  General  Information  ap¬ 
plicable  to  Shop-tools,  Mill-gearing,  Pulleys 
and  Shafts,  Steam-boilers  and  Engines.  Em¬ 
bracing  valuable  Tables  and  Instructions  in 
Screw-cutting,  Valve  and  Link  Motion,  etc. 
Fourth  Edition.  16mo,  full  morocco,  pocket 
form  . $1.25 

I 

DOBLE,  W.  A.  Power  Plant  Construetion  on  the 
Pacific  Coast  . . . In  Press. 

DODD.  Geo.  Dictionary  of  Manufactures,  Min¬ 
ing,  Machinery,  and  the  Industrial  Arts.  12mo, 
cloth  . $1.50 

DORR,  B.  F.  The  Surveyor’s  Guide  and  Pocket 

Table-book.  Fifth  Edition,  thoroughly  revised 
and  greatly  extended.  With  a  second  appendix 
up  to  date.  16mo,  morocco  fiaps  . $2.00 

DRAPER,  C.  H.  An  Elementary  Text-hook  of 
Light,  Heat  and  Sound,  with  Numerous  Ex¬ 
amples.  Fourth  Edition.  12mo,  cloth,  illus¬ 
trated  . $1.00 

■  Heat  and  the  Principles  of  Thermo-dynam¬ 
ics.  With  many  illustrations  and  numerical 
examples.  12mo,  cloth  . $1.50 

DUCK  WALL,  E.  W.  Canning  and  Pre.serving  of 

Food  Products  with  Bacteriological  Technique. 
A  practical  and  scientific  handbook  for  Manu¬ 
facturers  of  Food  Products,  Bacteriologists, 
Chemists,  and  Students  of  Food  Problems. 
Also  for  Processors  and  Managers  of  Food 
Product  Manufactories.  With  figures,  tables, 
and  half-tones.  8vo,  cloth,  illustrated. 
. net,  $5.00 

DUTHIE,  A.  L.  Decorative  Glas.s  Processes.  38 

illustrations,  8vo,  cloth,  279  pp.  (Van  Nos¬ 
trand’s  Westminster  Series.) . net,  $3.00 

DYSON,  S.  S.  Practical  Testing  of  Raw  Mater¬ 
ials.  A  Concise  Handbook  for  Manufacturers, 
Merchants,  and  Users  of  Chemicals,  Oils,  Fuels, 
Gas  Residuals  and  By-Products,  and  Paper¬ 
making  Materials,  with  Chapters  on  Water 
Analysis  and  the  Testing  of  Trade  Effluents. 
8vo,  cloth,  illustrations,  177  pages,  net,  $5.00 

ECCLES,  R.  G.  (Dr.),  aud  DUCKWALL,  E.  W. 
Food  Preservatives:  their  Advantages  and 
Proper  Use;  The  Practical  versus  the  Theo¬ 
retical  Side  of  the  Pure  Food  Problem.  8vo, 

paper  . $0.50 

Cloth  . $1.00 
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Researches  in  Graphical 

otatics.  I^mbracing’  New  Constructions  in 
Graphical  Statics,  a  New  General  Method  in 
Graphical  Statics,  and  the  Theory  of  Internal 
Stress  in  Graphical  Statics.  8vo,  cloth,  $1.50 


——Maximum  Stresses  under  Concentrated 

Loads.  Treated- graphically.  Illustrated.  8vo 

. . 

EDGCUMBE,  K.  Industrial  Electrical  Measur¬ 
ing  Instruments.  126  illustrations.  247  pp. 
8vo,  cloth . . . net.  $2.60 


EISSLER,  M.  The  Metallurgy  of  Gold.  A  Prac- 

tic^  Treatise  on  the  Metallurgical  Treatment 
of  Gold-bearing  Ores,  including  the  Processes 
of  Concentration  and  Chlorination,  and  the  As¬ 
saying,  Melting  and  Refining  of  Gold.  Fifth 
Edition,  revised  and  greatly  enlarged.  Over 
300  illustrations  and  numerous  folding  plates. 
8vo,  cloth  . $7.50 


— The  Hydro-Metallurgy  of  Copper.  Being  an 

Account  of  processes  adopted  in  the  Hydro- 
metallurgical  Treatment  of  Cupriferous  Ores, 
including  the  Manufacture  of  Copper  Vitriol. 
With  chapters  on  the  sources  of  supply  of 
Copper  and  the  Roasting  of  Copper  Ores.  With 
numerous  diagrams  and  figures.  8vo,  cloth, 
illustrated  . •. . net,  $4.50 


— The  Metallurgy  of  Silver.  A  Practical 

Treatise  on  the  Amalgamation,  Roasting  and 
Lixiviation  of  Silver  Ores,  including  the  As¬ 
saying,  Melting  and  Refining  of  Silver  Bullion. 
Illustrated.  Second  Edition,  enlarged.  8vo, 
cloth  . $4.00 


- The  Metallurgy  of  Argentiferous  Lead.  A 

Practical  Treatise  on  the  Smelting  of  Silver- 
Lead  Ores  and  the  Refining  of  Lead  Bullion. 
Including  Reports  on  Various  Smelting  Estab¬ 
lishments  and  Descriptions  of  Modern  Smelt¬ 
ing  Furnaces  and  Plants  in  Europe  and  Amer¬ 
ica.  Illustrated.  8vo,  cloth  . $5.00 

— Cyanide  Process  for  the  Extraction  of  Gold 

and  its  Practical  Application  on  the  Witwat- 
ersrand  Gold  Fields  in  South  Africa.  Third 
Edition,  revised  and  enlarged.  Illustrations 
and  folding  plates.  8vo,  cloth  . $3.00 

— A  Handbook  on  Modern  Explosives.  Being  a 
Practical  Treatise  on  the  Manufacture  and  Use 
of  Dynamite,  Gun-cotton,  Nitroglycerine,  and 
other  Explosive  Compounds,  including  the 
manufacture  of  Collodion-cotton,  with  chap- 
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ters  on  Explosives  in  Practical  Application. 
Second  Edition,  enlarged  with  150  illustrations. 
12mo,  cloth  . .  .  . . $5.00 

EKIK,  T.  C.  W’ater  Pipe  nod  Sewage  Pisciiarge 
Diagrams.  5  large  folding  plates.  Folio,  cloth, 
24  pp . net,  $3.00 

ELIOT,  C.  W.,  and  STOKER,  F.  H.  A  Compen¬ 
dious  Manual  of  Qualitative  Chemical  Analy¬ 
sis.  Revised  with  the  .co  -  )peration  of  the  au¬ 
thors,  by  Prof.  William  K.  Nichols.  Illustrated. 
Twentieth  Edition,  newly  revised  by  Prof.  W. 
B.  Lindsay.  12mo,  cloth  . net,  $1.25 

ELLIOT,  G.  H.,  Maj.  European  Liglit-^ouse 

Systems.  Being  a  Report  of  a  Tour  of  Inspec¬ 
tion  made  in  1873.  51  engravings  and'  21 

woodcuts.  8 VO,  cloth  . $5.00 

EjVGSTROM,  D.  a.  Tables,  Bevel  Gear.  A  col¬ 
lection  of  Tables  to  enable  anyone  to  figure 
bevel  gears  without  the  use  of  Trigonometry. 
Cloth  .  $1.00 

ENNIS,  AVM.  D.,  Prof.  (Polytevlinic  Institute 

Brooklyn).  Linseed  Oil  and  Other  Seed  Oils. 
An  Industrial  Manual.  8vo,  cloth,  illustrated. 
. . . net,  $4.00 

——Applied  Thermodynamics.  8vo,  cloth,  illus¬ 
trated . ‘ . In  Press. 

ERFURT,  J.  Dyeing  of  Paper  Pulp.  A  Practical 

Treatise  for  the  use  of  paper-makers,  paper- 
stainers,  students  and  others.  With  illustra¬ 
tions  and  157  patterns  of  paper  dyed  in  the 
pulp,  with  formulas  for  each.  Translated  into 
English  and  edited,  with  additions,  by  Julius 
Hubner,  F.C.S.  8vo,  cloth,  illustrated,  net,  $7:50 

ER.SKINE-MURRAY,  JAMES.  A  Handbook  of 

Wireless  Telegraphy:  Its  Theory  and  Practice. 
For  the  use  of  Electrical  Engineers,  Students, 
and  Operators.  Second  Edition,  Revised  and 
Enlarged.  8vo,  cloth.  Illustrated _ net,  $3.50 

EVANS,  C.  A.  Macadamized  Roads;  Their  Con¬ 
struction  and  Maintenance . net,  $2.00 

EWING,  A.  J.,  Prof.  The  Magnetic  Induction  in 

Iron  and  other  metals.  Third  Edition,  revised. 
159  illustrations.  8vo,  cloth  . $4.00 

FAIRIE,  ,1.,  F.G.S.  Note.s  on  Lend  Ores:  Their 

Distribution  and  Properties.  12mo,  cloth,  $1.00 

- Notes  on  Pottery  Clays;  The  Di.stribution, 

Properties,  Uses  and  Anals'^sis  of  Ball  Clays, 
China  Clays  and  China  Stone.  With  tables 
and  formulae.  12mo,  cloth  . $1.50 
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FANNING,  J.  T.  A  Practical  Treatise  on  Hy¬ 
draulic  and  Water-supply  Elngineering.  de¬ 
lating'  to  the  Hydrology,  Hydro-dynamics  and 
Practical  Construction  of  Water-'works  in 
North  America.  180  illus.  •8vo,  cloth.  Six¬ 
teenth  Edition,  revised,  entarged,  and  new 
tables  and  illustrations  added.  650  pp,  $5.60 

FAUTH,  P.  The  Moon  in  Modern  Astronomy. 

A  summary  of  twenty  years  selenographic 
work  and  a  study  of  recent  problems.  Trans¬ 
lated  by  Joseph  McCabe,  with  an  introduction 
by  J.  E.  Gore.  66  illustrations.  8vo,  cloth, 

160  pp . net,  $2.00 

FAY,  I,  W.,  Prof.  (Polytechnic  Inst.  Brooklyn). 

The  Coal-tar  Colors;  Their  Origin  and  Chem¬ 
istry.  8vo,  cloth,  illustrated  In  Press. 

FERNBACH,  R.  L.  Glue  and  Gelatine;  a  Prac¬ 
tical  Treatise  on  the  Methods  of  Testing  and 
Use.  8vo,  cloth  . net,  $3.00 

FISH,  J.  C.  G.  Lettering  of  Working  Drawings. 

Thirteen  plates,  with  descriptive  text.  Oblong, 
9x12%,  boards  . $1.00 

FISHER,  II.  K.  C.,  and  DARBY,  W.  C.  Student.^’ 

Guide  to  Submarine  Cable  Testing.  Third 
(new  and  enlarged)  Edition.  8vo,  cloth,  illus¬ 
trated  . $3.50 

- W.  C.  The  Potentiometer  and  it.s  adjuncts. 

8vo,  cloth  . $2:25 

FISKE,  B.  A.,  Lieut.,  U.S.N.  Electricity  in  The¬ 
ory  and  Practice;  or.  The  Elements  of  Electri¬ 
cal  Engineering.  Eighth  Edition.  8vo,  cloth. 
.  $2.50 

FLEISCHMANN,  W.  The  Book  of  the  Dairy.  A 

Manual  of  the  Science  and  Practice  of  Dairy 
Work.  Translated  from  the  German,  by  C. 
M.  Aikman  and  P.  Patrick  Wright.  8vo,  cloth 

.  $4.00 

Fl.EMING,  J.  A.,  Prof.  The  Alternate-current 

Transformer  in  Theory  and  Practice.  Vol.  I., 
The  Induction  of  Electric  Currents; •  611  pages. 
New  Edition,  illustrated.  8vo,  .cloth,  $5.00 
Vol.  II.,  The  Utilization  of  Induced  Currents. 
Illustrated.  8vo,  cloth  . $5.00 

- - Centenary  of  the  Electrical  Current,  1799- 

1899.  Svo,  paper,  illustrated  . $0.50 

_ Electric  Lanip.s  and  Electric  Lighting.  Be¬ 
ing  a  course  of  four  lectures  delivered  at  the 
Royal  Institution,  April-May,'  1894.  Svo,  cloth, 
fully  illustrated  . $3.00 
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——Electrical  Laboratory  Notes  and  Forms,  Ele¬ 
mentary  and  Advanced.  4to,  cloth,  illustrated. 
. . .  $5.00 

——A  Handbook,  for  the  Electrical  Laboratory 

and  Testing  Room.  2  volumes.  8vo,  cloth. 
. net,  $5.00 

FLEURY,  H.  The  Calculus  Without  Limits  or 

Iniiinitesimals.  Translated  by  C.  O.  Mailloux. 
. In  Press. 

FOLEY,  N.,  and  PRAY,  Thos.,  Jr.  The  Mechani¬ 
cal  Engineers’  Reference  Book  for  Machine 
and  Boiler  Construction,  in  two  parts.  Part  1 
— General  Engineering  Data.  Part  2 — Boiler 
Construction.  With  51  plates  and  numerous 
illustrations,  specially  drawn  for  this  work. 
Folio,  half  morocco.  New  Edition  ...In  Press. 

FOSTER,  H.  A.  Electrical  Engineers’  Pocket- 
book.  With  the  Collaboration  of  Eminent 
Specialists.  A  handbook  of  useful  data  for 
Electricians  and  Electrical  Engineers.  With 
innumerable  tables,  diagrams,  and  figures. 
New,  Revised  and  Greatly  Enlarged  Edition 
size,  leather,  fully  illustrated  with  extensive 
index  and  thumb  index.  1636  pages . $5.00 

— — J.  G.,  Gen.,  TJ.S.A.  Submarine  Blasting  in 

Boston  Harbor,  Massachusetts.  Removal  of 
Tower  and  Corwin  Rocks.  Illustrated  with  7 
plates.  4to,  cloth  . $3.50 

FOWLE,  F.  F.  The  Protection  of  Railroads  from 

Overhead  Transmission  Line  Crossings.  35  il¬ 
lustrations.  12mo,  cloth,  76  pp . net,  $1.50 

——The  Solution  of  Alternating  Current  Prob¬ 
lems  by  Complex  Imaginary  Quantities.  With 
numerous  examples.  Illustrated.  8vo,  cloth. 
. In  Press. 

FOX,  Win.,  and  THOMAS,  C.  W’.,  M.E.  A  Practi¬ 
cal  Course  in  Mechanical  Drawing.  Third  Edi¬ 
tion,  revised.  12mo,  cloth,  with  plates,  $1.25 

FRANCIS,  J.  B.,  C.E.  Lowell  Hydraulic  Experi¬ 
ments.  Being  a  selection  from  experiments  on 
Hydraulic  Motors  on  the  Flow  of  Water  over 
Weirs,  in  Open  Canals  of  uniform  rectangular 
section,  and  through  submerged  Orifices  and 
diverging  Tubes.  Made  at  Lowell,  Mass. 
Fifth  Edition,  revised  and  enlarged,  with 
many  new  experiments,  and  illustrated  with 
23  copper-plate  engravings.  4to,  cloth,  $15.00 

FULLER,  G.  W.  Report  on  the  Investigations 
into  the  Purification  of  the  Ohio  River  at 
Louisville.  Kentucky,  made  to  the  President 
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and  Directors  of  the  Louisville  Water  Com¬ 
pany.  Published  under  agreement  with  the 
Directors.  3  full-page  plates.  4to,  cloth. 


net,  910.00 


FURNELL,  J.  Students*  manual  of  Paints^  Col¬ 
ors,  Oils  and  Varnishes.  8vo,  cloth,  illus-  * 
trated  . net,  91.00 

GANT,  li.  W.  Elements  of  Electric  Traction,  for 
Motormen  and  Others.  8vo,  cloth.  Illustrated. 


217  pp.,  London,  1907 


net,  9^.50 


GARCKE,  E.,  and  PELLS,  .J.  M.  Factory  Ac¬ 
counts:  their  principles  and  practice.  A  hand¬ 
book  for  accountants  and  nianufacturers,  with 
appendices  on  the  nomenclature  of  machine 
details,  the  rating  of  factories,  fire  and  boiler 
insurance,  the  factory  and  workshop  acts, 
etc.,  including  also  a  large  number  of  specimen 
rulings.  Fifth  Edition,  revised  and  extended. 
8vo,  cloth,  illustrated  . 93.00 

GAR  FORTH,  W.  E.  Suggestetl  Rules  for  Recov¬ 
ering  Coal  Mines  after  Explosions  and  Fires. 
4  folding  plates.  12mo,  leather,  71  pp. 


net,  91>50 


GARNER,  R.  Leather.  8vo,  cloth.  (Van  Nos¬ 
trand’s  Westminster  Series.) . In  Press. 

GEIKIE,  J.  Structural  and  Field  Geology,  for 

Students  of  Pure  and  Applied  Science.  With 
figures,  diagrams,  and  half-tone  plates.  8vo, 
cloth,  illustrated  . net,  $4.00 

GERBER,  N.  Chemical  and  Physical  Analysi.s 
of  Milk,  Condensed  Milk,  and  Infants’  Milk- 
Food.  8vo,  cloth  . $1.2o 

GERHARD,  AVin.  P.  Sanitation,  AVatcr-suppIy 

and  Sewage  Disposal  of  Country  Houses. 
12mo,  cloth.  Illustrated,  348  pages.. net,  92.00 

GERHARDI,  C.  W.  H.  Electricity  Meters;  Their 

Construction  and  Management.  A  Practical 
Manual  for  Central  Station  Engineers.  Distri¬ 
bution  Engineers,  and  Students.  With  tables 
and  215  figures  and  diagrams.  8vo,  cloth,  il¬ 
lus.  .  . . 94.00 

GESCHWINH,  L.  Alanufacture  of  Alum  and  Sul- 

nbntes.  and  other  Salts  of  Alumina  and  Iron; 
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GIBBS,  W.  E.  Lighting  by  Acetylene,  Generat¬ 
ors,  Burners  and  Electric  Furnaces.  With 
G6  illustrations.  Second  Edition,  revised.  12mo. 


cloth  . $1.50 

— Physics  of  Solids  and  Fluids.  (Carnegie 

Technical  School’s  Text  Books.) . In  Press. 


GIBSOIV,  A.  H.  Hydraulics  and  its  Application. 

olO  illustrations.  Svo,  cloth,  757  pp..net,  $5.00 

— At'ater  Hammer  in  Hydraulic  Pipe  Lines.  Il¬ 
lustrated.  12mo,  cloth,  65  pp . net,  $2.00 

(.1LL3I015E,  tl.  A.f  tieti.  'rrealive  on  Idines,  Hy¬ 
draulic  (Jeinents  and  MoiTars.  Pariers  on  Prac¬ 
tical  Enguneering",  United  States  Engineer  De¬ 
partment,  No.  9,  containing'  Reports  of  numer¬ 
ous  Experiments  conducted  in  New  York  City 
during  the  years  1S.5S  to  1S61,  inclusive.  With 
numerous  illustrations.  Svo,  cloth  . .$4.00 

- Praclieal  TreaHse  on  ihe  Construe!  ion  of 

Hoads,  Streets  and  Pavements.  Tenth  Edi¬ 
tion.  With  70  illustrations.  12mo,  ploth,  .$2.00 

(;OLl)I.\(i,  H.  \,  The  Theta-Plii  Diagram.  Prac¬ 
tically  Applied  to  Steam,  Gas,  Oil  and  Air  En¬ 
gines.  Second  Edition,  revised  and  enlarged. 
12mo,  cloth,  illustrated  . net,  $1.25 

GOODCIIfLI),  W.  Precious  Slones.  With  a 

Cliapter  on  Artificial  Stones,  by  Robert  Dykes. 

309  pp.,  Svo,  cloth . $2.00 

1 

(RKiDEVE,  T.  ->1.  A  Text-hook  ou  the  Steam- 

engine.  With  a  Supplement  on  Gas-engines. 
Twelfth  Edition,  enlarged.  143  illustrations. 
12mo,  cloth  . $2.00 

(■DUE,  a,.  F.B.S.  The  Art  of  Electrolytic  Sep¬ 
aration  of  Metals,  etc.  (Theoretical  and  Prac¬ 
tical.)  Illustrated.  Svo,  cloth  . .$,*1.50 

GDIGjD.  E.  S.  The  Arithmetic  of  the  Steam- 

engine.  Svo,  cloth  . .$1.00 

- Practical  Hydrostatic.s  and  Hydro.static  For¬ 
mulas.  With  numerous  figures  and  diagrams. 
(Van  Nostrand’s  Science  Series.)  16mo,  cloth, 
illustrated,  114  pp . $0.50 

GHANT,  .1.  .Brewing  and  Distilling.  Svo,  cloth. 

(Van  Nostrand’s  Westminster  Series.). In  Press. 

GRAY',  J.,  B.Sc.  Electrical  Influence  Machines: 

Their  Historical  Development,  and  Modern 
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Forms,  with  instructions  for  making  them. 
■\Vith  numerous  figures  and  diagrams.  Second 
Edition,  revised  and  enlarged.  12mo,  cloth, 
illus.,  296  pp . $2.00 

GREENWOOD,  E.  Classified  Guide  to  Technical 

and  Commercial  Books.  Subject  List  of  Prin¬ 
cipal  British  and  American  Works  in  print. 
8vo,  cloth . net,  $3.00 

GRIFFITHS,  A.  R.,  Ph.O.  A  Treatise  on  Man¬ 
ures,  or  the  Philosophy  of  Manuring.  A  Prac¬ 
tical  Handbook  for  the  Agriculturist,  Manu¬ 
facturer,  and  Student.  12mo,  cloth  ....$3.00 

— - — Dental  Metallurgy.  A  Manual  for  Students 

and  Dentists.  8vo,  clotli,  illustrated,  208  pp. 
. net,  $3.50 

GROSS,  E.  Hops,  in  their  Rotanieal,  Agricultur¬ 
al  and  Technical  Aspect,  and  as  an  article  of 
Commerce.  Translated  from  the  German  by 
Charles  Salter.  With  tables,  diagrams,  and 
illustrations.  8vo,  cloth,  illustrated,  net,  $-1.50 

GIIOSSMAN,  .1.  Ammonia,  and  Its  Compounds. 

With  tables  and  figures.  12mo,  cloth,  illus¬ 
trated  . net,  .$1.25 

GROTH,  L.  A.  Welding  and  Cutting  Metals  by 

Aid  of  Gases  or  Electricity.  124  illustrations. 
8vo,  cloth,  280  pp . net,  $3.00 

GROVER.  F.  Practical  Treatise  on  Modern  Gas 

and  Oil  Engines.  8vo,  cloth,  illustrated. 
. net,  .$2 . 00 

GRCNER.  A.  Power-loom  'Weaving  and  Yarn 

Numbering,  according  to  various  systems,  with 
conversion  tables.  An  auxiliary  and  text-book 
for  pupils  of  weaving  schools,  as  well  as  for 
self-instruction,  and  for  general  use  by  those 
engaged  in  the  weaving  industry.  Illustrated 
with,  colored  diagrams.  8vo,  cloth,  net,  $3.00 

(il'FjDNER.  (VON)  HUGO,  The  De.sign  and  Con¬ 
struction  of  Internal  Combustion  Engines. 
Translated  and  revised  by  Prof.  H.  Dieder- 
ichs,  and  P.  E.  Junge.  8vo,  cloth,  800  pp.  Il¬ 
lustrated . In  Press. 

GUNTHER,  C.  O.,  Prof.  Integration  by  Trigono¬ 
metric.  and  Imaginary  Substitution.  With  an 
Introduction  by  J.  Burkitt  Webb.  12mo,  cloth, 
illustrated  . net,  $1.25 

GURDEN,  R.  Jj.  Traverse  Tables;  Computed  to 

Four  places,  Decimals  for  every  single  minute 
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of  angle  up  to  100  of  Distance.  For  the  use 
of  Surveyors  and  Engineers.  New  Edition. 
Folio,  half  morocco  . $7.50 

GUY,  A.  E.  Experiments  on  the  Flexure  of 

Beams,  resulting  in  the  Discovery  of  New 
Laws  of  Failure  by  Buckling.  Reprinted  from 
the  “American  Machinist.”  With  diagrams 
and  folding  plates.  8vo,  cloth,  illustrated,  122 
pages  . net,  $1.25 

HAEDEK,  H.,  C.E.  A  Handbook  on  the  Steam- 

engine.  With  especial  reference  to  small  and 
medium-sized  engines.  For  the  use  of  Engine- 
makers,  Mechanical  Draughtsmen,  Engineer¬ 
ing  Students  and  Users  of  Steam  Power. 
Translated  from  the  German,  with  considera¬ 
ble  additions  and  alterations,  by  H.  H.  P. 
Powles.  Third  English  Edition,  revised.  8vo, 
cloth,  illustrated,  458  pages  . .$3.00 

HAINBACH,  R.  Pottery  Decoration.  A  descrip¬ 
tion  of  all  processes  for  decorating  pottery  and 
porcelain.  Translated  by  C.  Slater.  22  illus¬ 
trations.  12mo,  cloth . net,  $3.00 

HAUE,  Prof.  W.  J.  (Univ.  of  Mich.)  Calculations 

of  General  Chemistry,  with  Definitions,  Ex¬ 
planations,  and  Problems.  174  pp.  12mo,  cloth. 
. net,  $1.00 

HAUL,  C.  II.  Chemistry  of  Paints  and  Paint 
Vehicles.  8vo,  cloth  . net,  $2  .DO 

- W.  S.,  Prof.  Elements  of  the  Differential 

and  Integral  Calculus.  Sixth  Edition,  revised. 
8vo,  cloth,  illustrated  . net,  $2.25 

■  'W.  S.  Descriptive  Geometry,  with  Numerous 

Problems  and  Practical  Applications.  Com¬ 
prising  an  8vo  volume  of  76  pages  of  text  and 
a  4to  atlas  of  31  plates.  2  vols.,  cloth,  net,  $3.50 

HALLER,  G.  P.,  and  CUNNINGHAM,  E.  T.  The 

Tesla  Coil,  Its  Construction  and  Uses.  In  Press^ 

HALSEY,  F.  A.  Slide-valve  Gears.  An  Expla¬ 
nation  of  the  Action  and  Construction  of  Plain 
and  Cut-off  Slide  Valves.  Illustrated.  Seventh 
Edition.  12mo,  cloth  . $1.50 

.  The  Use  of  the  Slide  Rule.  With  iilustrations 

and  folding  plates.  Fourth  Edition,  revised 
and  enlarged.  16mo,  boards.  (Van  Nostrand’s 
Science  Series.  No.  114)  . $0.50 

. The  Locomotive  Link  Motion,  vrith  Diagrams 

and  Tables.  8yo,  cloth,  illustrated . $1.00 
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orm  and  Spiral  Gearing:.  Revised  and 

Eng-larg-ed  Edition.  16mo,  cloth  (Van  Nos¬ 
trand’s  Science  Series,  No.  116.)  Illustrated. 

.  $0.50 

HAMILTON,  W.  G.  Useful  Information  for  Rail¬ 
way  Men.  Tenth  Edition,  revised  and  en¬ 
larged.  562  pages,  pocket  form.  Cloth  ...$1.00 

HAMMER,  W.  J.  Radium,  and  Other  Radio¬ 
active  Substances;  Polonium,  Actinium  and 
Thorium.  With  a  consideration  of  Phosphor¬ 
escent  and  Fluorescent  Substances,  the  Prop¬ 
erties  and  Applications  of  Selenium,  and  the 
treatment  of  disease  by  the  Ultra-Violet  Light. 
Second  Edition.  With  engravings  and  pho¬ 
tographic  plates.  8vo,  cloth,  illustrated,  72 
PP . . . $1.00 

HANCOCK,  H.  Text-hook  of  Mechanics  and  Hy¬ 
drostatics,  with  over  500  diagrams.  8vo,  cloth. 
. net,  $1.50 

HARDY,  E.  Elementary  Principles  of  Graphic 

Statics.  Containing  ;192  diagrams.  8vo,  cloth, 
illustrated  . net,  $1.50 

HARPER,  W.  B.  Utilisation  of  Wood  Waste  by 

Distillation.  A  general  consideration  of  the 
industry  of  wood  distilling,  including  a  de¬ 
scription  of  the  apparatus  used  and  the  prin¬ 
ciples  involved,  also  methods  of  chemical  con¬ 
trol  and  disposal  of  the  products.  With  74 
engravings.  Illustrated.  157  pp.,  4to,  cloth. 
. ..net,  $3.00 

HARRISON,  W.  B.  The  Mechanies’  Tool-book. 
With  Practical  Rules  and  Suggestions  for  use 
of  Machinists,  Iron-workers  and  others.  With 
44  engravings.  12mo,  cloth  . $1.50 

HART,  J.  W,  External  Plumbing  Work.  A 

Treatise  on  Lead  Work  for  Roofs.  With  num¬ 
erous  figures  and  diagrams.  8vo,  cloth,  il¬ 
lustrated  . net,  $3.00 

———Hints  to  Plumber.s  on  Joint  Wiping,  Pipe 

Bending,  and  Lead  Burning.  Containing  184 
figures  and  diagrams.  8vo,  cloth,  illustrated. 
. net,  $3.00 

——Principles  of  Hot-water  Supply.  With  num¬ 
erous  illustrations.  8vo,  cloth  . net,  $3.00 

- Sanitary  Plumbing  and  Drainage.  With 

numerous  diagrams  and  figures.  8vo,  cloth, 

illustrated  . net,  $3.00 

HASKINS,  C.  H.  The  Galvanometer  and  its 

Uses.  A  Manual  for  Electricians  and  Students. 
Fourth  Edition.  12mo,  cloth  . $1.50 
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riATT,  J.  A.  K.  Ti'e  Colorist.  Deslj?i?cd  to  cor¬ 
rect  the  commonly  held  theory  that  red,  yel¬ 
low  and  blue  are  the  primary  colors,  and  to 
supply  the  much-needed  easy  method  of  deter¬ 
mining’  color  harmony;  together  with  a  system 
of  color  nomenclature  and  other  practical  in¬ 
formation  for  artists  and  workers  or  designers 
in  colors.  2  color  plates.  95  pp.,  square  12mo, 
cloth . net,  $1.50 

HAUSjBRAND,  E.  Drying  by  Mean.s  of  Air  and 

Steam.  With  explanations,  formulas,  and  ta¬ 
bles,  for  use  in  practice.  Translated  from  the 
German  by  A.  C.  Wright,  M.A.  12mo,  cloth, 
illustrated  . net,  .^2.00 

- Evaporating,  Condensing  and  Cooling  Appa¬ 
ratus:  Explanations,  Formulae,  and  Tables  for 
Use  in  Practice.  Translated  from  the  Second 
Revised  German  Edition  by  A.  G.  Wright,  M.A. 
With  numerous  figures,  tables  and  diagrams. 
Svo,  cloth,  illustrated,  400  pages  ....net,  $5.00 

IIAUSIVEIi,  A.  Mannfaetnre  of  Preserved  Foods 

and  Sweetmeats.  A  Handbook  of  all  the  Pro¬ 
cesses  for  the  Preservation  of  Flesh,  Fruit, 
and  Vegetables,  and  for  the  Preparation  of 
Dried  Fruit,  Dried  Vegetables,  Marmalades, 
Fruit-syrups,  and  Fermented  Beverages,  and 
of  all  kinds  of  Candies,  Candied  Fruit,  Sweet¬ 
meats,  Rocks,  Drops,  Dragees,  Pralines,  etc. 
Translated  from  the  Third  Enlarged  German. 
Edition,  by  Arthur  Morris  and  Herbert  Rob¬ 
son.  B.Sc.  Svo.  cloth,  illustrated . net,  $3.00 

HAAVKE,  W.  II.  Tlie  Premier  Cipher  Telegraph¬ 
ic  Code,  containing  lOCT.OOO  Words  and  Phrases. 
The  most  complete  and  most  useful  general 
code  yet  published.  4to,  cloth  . $5.00 

— — 100,000  Words  Supplement  to  the  Premier 

Code.  All  the  words  are  selected  from  the  of¬ 
ficial  vocabulary.  Oblong  quarto,  cloth,  $5.. 00 
II AWKESAVORTH,  J.  Graphieal  Handbook  for 
Reinforced  Concrete  Design.  A  series  of  plates, 
showing  graphically,  b3'’  means  of  plotted 
curves,  the  required  design  for  slabs,  beams, 
and  columns  under  various  conditions  of  ex¬ 
ternal  loading,  together  with  practical  exam¬ 
ples  showing  the  method  of  using  each  plate. 
4to,  cloth  . net,  $2.50 

HAA%  A.  Alternating  Currents;  Their  Theory, 

Generation,  and  Transformation.  Svo,  cloth, 
illustrated  . . net,  $2.50 


— Principles  of  Alternate-current  Working. 
12mo,  cloth,  illustrated  . $2.00 


SCIENTIFIC  PUBLICATIONS. 


29 


- An  Introductory  Course  of  Continuous  Cur¬ 
rent  Eng-ineering-.  With  183  figures  and  dia¬ 
grams.  Illustrated.  327  pp.  8vo,  cloth. 
. net,  $2.50 

HEAP,  D.  P.,  Slajor,  IJ.S.A.  Electrical  Appliances 

of  the  Present  Day.  Report  of  the  Paris  Elec¬ 
trical  Exposition  of  1881.  250  illustrations. 

8 VO,  cloth  . $2.00 

HEAVISIDE,  O.  Electromagnetic  Theory.  8vo, 
cloth,  two  volumes . each,  $5.00 

HECK,  R.  C.  H.  Steam-Engine  and  Other  Steam 

Motors.  A  text-book  for  engineering  col¬ 
leges  and  a  treatise  for  engineers.  Vol  I. 
The  Thermodynamics  and  the  Mechanics  of  the 
Engine.  With  numerous  figures,  diagrams, 
and  tables.  8vo,  cloth,  illustrated,  net,  $3.50 
Vol.  II.  Form,  Construction,  and  Working  of 
the  Engine:  The  Steam  Turbine.  8vo,  cloth, 
illustrated  . net,  $5.00 

■  ■  Abridged  edition  of  above  volumes  (Elemen¬ 
tary).  8vo,  cloth  . In  Press. 

HEDGES,  K.  Modern  Lighting  Conductors.  An 

Illustrated  Supplement  to  the  Report  of  the 
Lightning  Research  Committee  of  1905,  with 
Notes  as  to  Methods  of  Protection  and  Speci¬ 
fications.  With  figures,  half-tones,  and  fold¬ 
ing  tables.  8vo,  cloth,  illustrated,  net,  $3.00 

HEERMANN,  P.  Dyers’  Materials.  An  Introduc¬ 
tion  to  the  Examination,  Valuation,  and  Ap¬ 
plication  of  the  most  important  substances 
used  in  Dyeing,  Printing,  Ble,aching  and  Fin¬ 
ishing.  Translated  by  Arthur  C.  Wright,  M.A. 
12mo,  cloth,  illustrated  . net,  $2.50 

HENRICT,  O.  Skeleton  Sti’uctures,  Applied  to 

the  Building  of  Steel  and  Iron  Bridges.  8vo, 
cloth,  illustrated  . $1.50 

HERMANIV,  P.  Painting  on  (alass  and  Porcelain 

and  Enamel  Painting.  On  the  basis  of  Per- 
.sonal  Practical  Experience  of  the  Condition 
of  the  Art  up  to  date.  Translated  by  Charles 
Salter.  Second  greatly  enlarged  edition.  8vo, 
cloth,  illustrated  . net,  $3.50 

HERRMANN,  G.  The  Graphical  Statics  of 

Mechanism.  A  Guide  for  the  Use  of  Machin¬ 
ists,  Architects  and  Engineers;  and  also  a 
Text-book  for  Technical  Schools.  Translated 
and  annotated  by  A.  P.  Smith,  M.E.  Fourth 
Edition.  12mo,  cloth,  7  folding  plates,  $2.00 

HERZFELD,  J.,  Dr.  The  Technical  .Te.sting  of 
Yarns  and  Textile  Fabrics,  with  reference  to 
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official  specifications.  Translated  by  Chas. 
Salter.  With  69  illustrations.  8vo,  cloth. 
. net,  $3.50 

HILDEBRANDT,  A.  Air.sliips,  Pa.st  and  Present. 

Together  with  chapters  on  the  use  of  balloons 
in  connection  with  meteorology,  photography 
and  the  carrier  pigeon.  Translated  by  W.  H. 
Story.  W^ith  22  figures,  diagrams  and  half 
tones.  Illustrated.  364  pp.,  8vo,  cloth. 
. net,  $3.50 

HIIjLi.  J.  W.  The  Purification  of  Public  Water 

Suoplies.  Illustrated  with  valuable  tables, 
diagrams,  and  cuts.  Svo,  cloth  . $3.00 

—Interpretation  of  Water  Analysis.  In  Press. 

HIROI,  I.  Statically-Indeterminate  Stresses  in 

Frames  Commonly  Used  for  Bridges.  With 
figures,  diagrams,  and  examples.  12mo,  cloth, 
illustrated  . net,  $2.00 

HIRSHFELD,  PROF.  C.  F.  (Cornell  Univ.) 
Engineering  Thermodynamics.  Second  Edition, 
Revised  and  Corrected.  16mo,  cloth.  Ulus. 
(No.  45  Van  Nostrand’s  Science  Series.) .  .$0.50 

HOBART,  H.  M.  Heavy  Electrical  Engineering. 

319  pp.  182  illustrations.  8vo,  cloth.net,  $4.50 

- J.  F.  Brazing  and  Soldering.  Pamph¬ 
let  . $0.25 

HOBBS,  W.  R.  P.  The  Arithmetic  of  Electrical 

Measurements,  with  numerous  examples,  fully 
worked.  Revised  by  Richard  Wormell,  M.A. 
Ninth  Edition.*  12mo,  cloth  . $0.50 

HOFF,  J.  N.  Paint  and  Varnish  Facts  and  For¬ 
mulas.  A  hand-book  for  the  maker,  dealer, 
and  user  of  paints  and  varnishes.  Containing 
over  600  recipes.  Svo,  cloth . net,  $3.00 

. Wm.  B.,  Com.,  U.S.N.  The  Avoidance  of  Col¬ 
lisions  at  Sea.  18mo,  morocco . $0.75 

HOLE,  WALTER.  The  Distribution  of  Gas.  495 

illustrations.  682  pp.  Svo,  cloth. ..  .net,  $5.00 

HOLLEY,  A.  L.  Railway  Practice.  American 

and  European  Railway  Practice  in  the  Eco¬ 
nomical  Generation  of  Steam,  including  the 
Materials  and  Construction  of  Coal-burning 
Boilers,  Combustion,  the  Variable  Blast,  Va¬ 
porization,  Circulation,  Superheating,  Supply¬ 
ing  and  Heating  Feed  Water,  etc.,  and  the 
Adaptation  of  Wood  and  Coke-burning  En¬ 
gines  to  Coal-burning;  and  in  Permanent  Way, 
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Including  Road-bed,  Sleepers,  Rails,  Joint  Fas¬ 
tenings,  Street  Railways,  etc.  With  77  litho¬ 
graphed  plates.  Folio,  cloth  . $12.00 

HOLLIES,  A.  B.  The  Electric  Light  Popularly 

Explained.  Fifth  Edition.  Illustrated.  12mo, 
paper  . $0.40 

HOPKINS,  N.  M.  Experimental  Electrochemis¬ 
try:  Theoretically  and  Practically  Treated. 
With  132  figures  and  diagrams.  8vo,  cloth, 
illustrated  . net,  $3.00 

- - 31odel  Engines  and  Small  Boats.  New  3Ieth- 

ods  of  Engine  and  Boiler  Making,  with  a  chap¬ 
ter  on  Elementary  Ship  Design  and  Construc¬ 
tion.  12mo,  cloth  . $1.25 

HORNER,  J.  Engineers’  Turning,  in  Principle 

and  Practice.  A  Handbook  for  Working  En¬ 
gineers,  Technical  Students,  and  Amateurs. 
With  488  figures  and  diagrams.  8vo,  cloth, 
illustrated  . net,  $3.50 

HOUGHTON.  C.  E.  The  Elements  of  Mechanics 

of  Materials.  A  text  for  students  in  engineer¬ 
ing  courses.  Illustrated.  194  pp.,  12mo,  cloth. 
. ’ . net,  $2.00 

HO  WORTH,  J.  Art  of  Repairing  and  Riveting 

Glass,  China  and  Earthenware.  Second  Edi¬ 
tion.  8vo,  pamphlet,  Illustrated  ...net,  $0.50 

HUBBARD,  E.  The  Utilization  of  "Wood-waste. 

A  Complete  Account  of  the  Most  Advantageous 
Methods  of  Working  Up  Wood  Refuse,  espe¬ 
cially  Sawdust,  Exhausted  Dye  Woods  and  Tan 
as  Fuel,  as  a  Source  of  Chemical  Products  for 
Artificial  Wood  Compositions,  Explosives, 
Manures,  and  many  other  Technical  Purposes. 
Translated  from  the  German  of  the  second 
revised  and  enlarged  edition.  8vo,  cloth,  il¬ 
lustrated,  192  pages  . net,  $2.50 

HUMBER,  AV.,  C.E.  A  Handy  Book  for  the  Cal¬ 
culation  of  Strains  in  Girders,  and  Similar 
Structures,  and  their  Strength;  consisting  of 
Formulae  and  Corresponding  Diagrams,  with 
numerous  details  for  practical  application,  etc. 
Fourth  Edition.  12mo,  cloth  . $2.50 

HUMPHREYS,  A.  C.  (Stevens  Institute).  Lec¬ 
ture  Notes  on  some  of  the  Business  Features 
of  Engineering  Practice.  8vo,  cloth,  with  sup¬ 
plement  . net,  $1.25 

HURST,  G.  IL,  F.C.S.  Color.  A  Handbook  of 
the  Theory  of  Color.  A  practical  work  for  the 
Artist,  Art  Student,  Painter,  Dyer  and  Calico 
Printer,  and  Others.  Illustrated  with  10  col- 
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ored  plates  and  72  illustrations.  8vo,  cloth. 
. net,  $:2.50 

- Dictionary  of  Chemicals  and  Raw  Products 

Used  in  the  Manufacture  of  Paints,  Colors, 
Varnishes  and  Allied  Preparations.  8vo,  cloth, 
. .  .net,  $3.00 

- Imbricating  Oils,  Pats  and  Greases;  Their 

Origin,  Preparation,  Properties,  Uses  and 
Analysis.  313  pages,  with  65  illustrations. 
8 VO,  cloth  . net,  $3.00 

- Soaps.  A  Practical  Manual  of  the  Manufac¬ 
ture  of  Domestic,  Toilet  and  other  Soaps.  Il¬ 
lustrated  with  66  engravings.  8vo,  cloth. 
. net,  $5.00 

- Textile  Soaps  and  Oils:  A  Handbook  on  the 

Preparation,  Properties,  and  Analysis  of  the 
Soaps  and  Oils  Used  in  Textile  Manufacturing, 
Dyeing  and  Printing.  With  tables  and  illus¬ 
trations.  8 VO,  cloth  . net,  $2., 50 

HUTCHINSON,  R.  W.,  .Ir.  Long  Distance  Elec¬ 
tric  Power  Transmission:  being  a  Treatise  on 
the  Hydro-electric  Generation  of  Energy;  its 
Transformation,  Transmission,  and  Distribu¬ 
tion.  12mo,  cloth,  illus.,  345  pp . net,  $3.00 

-'■--■■and  IHLSENG,  M.  C.  Electricity  in  Mining; 

being  a  Theoretical  and  Practical  Treatise  on 
the  Construction,  Operation,  and  Maintenance 
of  Electrical  Mining  Machinery.  12mo,  cloth, 
illustrated  . In  Press. 

- W.  R.  Patenis  and  How  io  3Iahe  Money  out 

of  Them.  12mo,  cloth  . $1.25 

HI  TTON,  A5’.  S.  Steam-boiler  Construction.  A 

Practical  Handbook  for  Engineers,  Boiler¬ 
makers  and  Steam-users.  Containing  a  .large 
collection  of  rules  and  data  relating  to  recent 
practice  in  the  design,  construction  and  work¬ 
ing  of  all  kinds  of  stationary,  locomotive  and 
marine  steam-boilers.  With  upwards  of  540 
illustrations.  P^ourth  Edition,  carefully  re¬ 
vised  and  much  enlaj*ged.  8vo,  cloth  ....$6.00 

- Practical  Engineer’s  Handbook,  comprising 

a  Treatise  on  Modern  Engines  and  Boilers, 
Marine,  Locomotive  and  Stationary.  Fourth 
Edition,  carefully  revised,  with  additions.  W'ith 
upwards  of  570  illustrations.  8vo,  cloth,  $7.00 

- The  Works’  Manager’s  Handbook  of  Modern 

Rules,  Tables  and  Data  for  Civil  and  Mechani¬ 
cal  Engineers,  Mill-wrights  and  Boiler-mak¬ 
ers,  etc.,  etc.  With  upwards  of  150  illustra- 
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tions.  Fifth  Edition,  carefully  revised,  with 
additions.  8vo,  cloth  . $G.OO 

INGLE,  H.  Manual  oC  Asrieultiiral  Cliemiftry. 

8vo,  cloth,  illustrated,  388  pages  ....net,  $3.00 

INNES,  C.  H.  Problems  in  Machine  Design.  For 

the  use  of  Students,  Draughtsmen  and  others. 
Second  Edition,  12mo,  cloth  . net,  $3.00 

——Air  Coinpressor.s  and  Blowing  Engines.  Spe¬ 
cially  adapted  for  engineers.  With  285  fig¬ 
ures,  diagrams,  etc.  12mo,  cloth,  illustrated. 
. net,  $3.00 

- Centrifugal  Pumps,  Turbines  and  Water 

Motors.  Including  the  Theory  and  Practice 
of  H3'’draulics.  Fourth  and  enlarged  edition. 
12mo,  cloth  . net,  .$3.00 

ISHEHWOOD,  B.  F.  Engineering  Precedent.^  for 

Steam  Machinery.  Arranged  in  the  most  prac¬ 
tical  and  useful  manner  for  Engineers.  With 
illustrations.  Two  volumes  in  one.  8vo, 
cloth  . $2.50 

JAMIESON,  A.,  C.E.  A  Text-book  on  Steam  and 

Steam-engines,  including  Turbines  and  Boil¬ 
ers.  Specially  arranged  for  the  use  of  En¬ 
gineers  qualifying  for  the  Institution  of  Civil 
Engineers,  the  Diplomas  and  Degrees  of 
Technical  Colleges  and  Universities,  Advanced 
Science  Certificates  of  British  and  Colonial 
Boards  of  Education,  and  Honors  Certificates 
of  the  City  and  Guilds  of  London  Institute,  in 
Mechanical  Engineering,  and  Engineers  gen¬ 
erally.  Fifteenth  Edition,  ’  revised.  Illustrated. 
8vo,  cloth  . $3.00 

—Elementary  Manual  ,  on  Steam  and  the 

Steam-engine.  Specially  arranged  for  the  use 
of  First-year  Science  and  Art,  City  and  Guilds 
of  London  Institute,  and  other  Elementary 
Engineering  Students.  Tenth  Edition,  revised. 
12mo,  cloth  . $1.50 

JANNETTAZ,  E.  A  Guide  to  the  Determination 

of  Rocks:  being  an  Introduction  to  Lithology. 
Translated  from  the  French  by  G.  W.  Plymp- 
ton.  Professor  of  Physical  Sbience  at  Brook¬ 
lyn  Polytechnic  Institute.  12mo,  cloth,  $1.50 

JEHL,  -F.,  Mem.  A.I.E.E.  The  Manufacture  of 
Carbons  for  Electric  Lighting  and  Other  Pur¬ 
poses.  A  Practical  Handbook,  giving  a  com¬ 
plete  description  of  the  art  of  making  car¬ 
bons,  electros,  etc.  The  various  gas  genera¬ 
tors  and  furnaces  used  In  carbonizing,  with 
a  plan  for  a  model  factory.  Illustrated  with 
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numerous  diagrams,  tables,  and  folding  plates. 
8vo,  cloth,  illustrated  . net,  $4.00 

JENIfINGS,  A.  S.  Commercial  Paints  and  Paint¬ 
ing.  8vo,  cloth.  (Van  Nostrand's  Westminster 
Series.)  . In  Press. 

JENNISON,  F.  H.  The  Manufacture  of  Lake 
Pigments  from  Artificial  Colors.  A  useful 
handbook  for  color  manufacturers,  dyers,  col¬ 
or  chemists,  paint  manufacturers,  drysalters, 
wallpaper-makers,  enamel  and  surface-paper 
makers.  With  15  plates  illustrating  the  vari¬ 
ous  methods  and  errors  that  arise  in  the  dif¬ 
ferent  processes  of  production.  8vo,  cloth. 
. net,  $3.00 

JEPSON,  G.  Cams,  and  the  Principles  of  their 

Construction.  With  figures,  half-tones,  full- 
page  and  folding  plates.  8vo,  cloth,  illus¬ 
trated  . net,  $1.50 

——Mechanical  Drawing.  Illustrated.  8vo. 
Cloth . ..In  Press. 

JOCKIN.  Wm.  Arithmetic  of  the  Gold  and  Sil¬ 
versmith.  Prepared  for  the  use  of  Jewelers, 
Founders,  Merchants,  etc.,  especially  for  those 
engaged  In  the  conversion  and  alloying  of 
goia  or  other  metals,  the  mixing  of  various 
substances,  etc.  With  numerous  examples. 
12mo,  cloth,  56  pp . . $1.00 

JOHNSON,  G.  L.  Photographic  Optica  and  Color 

Photography.  Including  the  camera,  klnemat- 
ograph,  optical  lantern,  and  the  theory  and 
practice  of  Image  formation.  184  Illustrations. 
314  pp.,  8to,  cloth . net,  $3.00 

■  . TV.  H.  The  Cultivation  and  Preparation  of 

Para  Rubber.  Second  Edition,  rewritten  and 
enlarged.  32  Illustrations.  186  pp.  8vo,  cloth. 
. net,  $3.00 

— W.  McA.  The  Metallurgy  of  Nickel.  In  Press. 

JOHNSTON,  J.  P.  W.,  Prof,  and  CAMERON,  Sir 

Chas.  Elements  of  Agricultural  Chemistry 
and  Geology.  Seventeenth  Edition.  12mo, 
cloth  . ; . $2.60 

JOliY,  J.  Radioactivity  and  Geology.  An  ac¬ 
count  of  the  influence  of  radioactive  energy  on 
terrestrial  hlsto.ry.  8  Illustrations.  290  pp., 
12mo,  cloth . In  Presa 

JONES,  H.  C.  Electrical  Nature  of  Matter  and 

Radioactivity.  12mo,  cloth . $3.00 
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—  ■■  M.  W.  The  Testing  and  Valuation  of  Raw 

Materials  used  in  Paint  and  Color  Manufac¬ 
ture.  12mo,  cloth  . net,  $2.00 

JOYNSON,  F,  H.  Designing  and  Construction  of 

Machine  Gearing.  Illustrated.  8vo,  cloth. $2.00 

« 

JUPTNER,  H.  F.  V.  Siderology:  The  Science  of 
Iron.  (The  Constitution  of  Iron  Alloys  and 
Iron.)  Translated  from  the  German.  8vo, 
cloth,  345  pages,  illustrated . net,  $5.00 

KANSAS  CITY  BRIDGE,  THE.  With  an  Ac¬ 
count  of  the  Regimen  of  the  Missouri  River 
and  a  Description  of  the  Methods  used  for 
Founding  in  that  River,  by  O.  Chanute,  Chief 
Engineer,  and  George  Morison,  Assistant  En¬ 
gineer.  Illustrated  with  5  lithographic  views 
and  12  plates  of  plans.  4to,  cloth  ......$6.00 

KAPP,  G.,  C.E.  Electric  Transmission  of  En¬ 
ergy  and  its  Transformation,  Subdivision  and 
Distribution.  A  practical  handbook.  Fourth 
Edition,  revised.  12mo,  cloth  . $3.50 

Dynamos,  Motors,  Alternators  and  Rotary 

Converters.  Translated  from  the  third  Ger¬ 
man  edition,  by  Harold  H.  Simmons,  A.M.I.E.E. 
With  numerous  diagrams  and  figures.  8vo, 
cloth,  507  pages  . $4.00 

KEIM,  A.  W.  Prevention  of  Dampness  in  Build¬ 
ings.  With  Remarks  on  the  Causes,  Nature 
and  Effects  of  Saline  Efflorescences  and  Dry 
Rot.  For  Architects,  Builders,  Overseers, 
Plasterers,  Painters  and  House  Owners.  Trans¬ 
lated  from  the  second  revised  German  edition. 
With  colored  plates  and  diagrams.  8vo,  cloth, 
illustrated,  115  pages  . net,  $2.00 

KELIiER,  S.  S.,  Prof.  Mathematics  for  Engrineer- 

ing  Students  (Carnegie  Schools  Textbook  Se¬ 
ries.  12mo,  half  leather,  illustrated).  Algebra 
and  Trigonometry,  with  a  chapter  on  Vectors. 


282  pp . net,  $1.75 

Special  Algebra  Edition,  113  pp . net,  $1.00 


Plane  and  Solid  Geometry,  212  pp....net,  $1.25 

Analytical  Geometry  and  Calculus,  359  pp. 

. net,  $2.00 

KELSEY,  W.  R.  Continuous-current  Dynamos 
and  Motors,  and  their  Control:  being  a  series 
of  articles  reprinted  from  The  Practical  En¬ 
gineer,  and  completed  by  W.  R.  Kelsey.  With 
many  figures  and  diagrams.  8vo,  cloth.  Illus¬ 
trated  . . . $2.50 
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KEMBT-E,  W.  T.,  and  UNDER ITTL.T.,  C.  R.  Tbe 

Periodic  Law  and  the  Hydrogen  Spectrum. 
With  folding  diagrams.  Illustrated.  16  pp., 
8 VO,  pamphlet . net,  9 "SO 

KEMP,  J.  F..  A.B.,  E.M.  (Columbia  Univ.).  A 

.  Handbook  of  Rocks.  For  the  use  without  the 
microscope.  With  a  glossary  of  the  names  of 
rocks  and  of  other  lithological  terhis.  Fourth 
Edition,  revised.  8vo,  cloth,  illustrated,  $1.50 


KENNEDY,  R.  Modern  Engines  and  Power  Gen¬ 
erators,  A  Practical  Work  on  Prime  Movers 
and  the  Transmission  of  Power:  Steam.  Elec¬ 
tric,  Water,  and  Hot-air.  With  tables,  fig¬ 
ures,  and  full-page  engravings.  6  vols.  8vo, 

cloth,  illustrated  . $15.00 

Single  volumes,  each  . ; . $3.00 


— Electrical  In.stallations  of  Electric  Light, 

Power,  '  Traction,  and  Industrial  Electrical 
Machinery.  With  numerous  diagrams  and 
engravings 


Vol.  I.  The  Electrical  Circuit,  Measure¬ 
ment,  Elements  of  Motors,  Dynamos,  Electro¬ 
lysis.  8vo,  cloth,  illus . $3.50 


Vol.  IT.  Instruments,  Transformers,  In¬ 
stallation  Wiring,  Switches  and  Switchboards. 
8vo,  cloth,  illustrated  . .$3.50 


Vol.  III.  Prodtietion  of  Electrical  Energy 

Prime  Movers,  Generators  and  Motors.  8vo, 
cloth,  illustrated  . . . $3.50 


Vol.  IV.  Mechanical  Gearing;  Complete 

Electric  Installations:  Electrolytic,  Mining  and 
Heating  Apparatus;  Electric  Traction;  Special 
Applications  of  Electric  Motors.  8vo,  cloth, 
illustrated  . $3.50 


Vol.  V.  Apparatus  and  Machinery  used  in 
Telegraphs,  Telephones,  Signals,  Wireless  Tel¬ 
egraph,  X-Rays,  and  Medical  Science.  8vo, 

cloth,  illustrated  . $3.50 

Complete  sets  of  the  five  volumes  ....$15.00 

KENNELLY,  A.  E.  Theoretical  Elements  of 

Electro-dynamic  Machinery.  8vo,  cloth,  $1.50 


KERSHAW,  J.  B.  C.  Fuel,  Water,  and  Gas  An¬ 
alysis,  for  Steam  Users.  8vo,  cloth,  net,  $2.50 


— Electrometallurgy.  Illustrated.  303  pages. 
8vo,  cloth . net,  $2.00 

— The  Electric  Furnace  in  Iron  and  Steel  Pro¬ 
duction.  68  pages,  24  illustrations  and  list  of 
patents.  12mo,  cloth . . . net,  $1.50 
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KINGDON,  J.  A.  Applied  Mn^irnetLsm.  An  Intro¬ 
duction  to  the  Design  of  Electromagnetic  Ap¬ 
paratus.  8vo,  cloth  . $3.00 

KINZDTttTNNEIt,  C.  Alternate  Current  TVind- 

ings;  Their  Theory  and  Construction.  A’Hand- 
book  for  Students,  Designs,  and  all  Practical 
Men.  Svo,  cloth,  illustrated  . net,  ^l-.'SO 

- Continuoii.s  Current  Armatures;  Their  Wind¬ 
ing  and  Construction.  A  Handbook  for  Stu¬ 
dents,  Designers,  and  all  Practical  Men.  8vo, 
cloth,  illustrated  . net,  $1.50 

— - The  Testing  of  Alternating  Current  Machines 

in  Laboratories  and  Test  Rooms.  A  practical 
work  for  students  and  engineers.  V6l  I,  Gen¬ 
eral  Tests;  Transformers,  Alternators.  141 
illustrations.  164  pp.,  Svo,  cloth . net,  .$2.00 

IvIRIvALDY,  W.  G.  Illu.strations  of  David  Kirk- 

aldy’s  System  of  Mechanical  Testing,  as  Origi¬ 
nated  and  Carried  on  by  him  during  a  Quarter 
of  a  Century.  Comprising  a  Large  Selection 
of  Tabulated  Results,  showing  the  Strength 
and  other  Properties  of  Materials  used  in  Con¬ 
struction,  with  Explanatory  Text  and  His¬ 
torical  Sketch.  Numerous  engravings  and  25 
lithographed  plates.  4to,  cloth  . $10.00 

KIRKBRIDE,  J.  Engraving  for  Illustration: 

Historical  and  Practical  Notes,  with  illustra¬ 
tions  and  2  plates  by  ink  photo  process.  8vo, 
cloth,  illustrated  . net,  .$1.50 

KIRKWOOD,  J.  P.  Report  on  the  Filtration  of 

River  Waters  for  the  Supply  of  Cities,  as 
practiced  in  Europe,  made  to  the  Board  of 
Water  Commissioners  of  the  City  of  St.  Louis. 
Illustrated  by  30  double-page  engravings.  4to, 
cloth  . . .' _ $7.50 

KLEIN,  J.  F.  Design  of  a  High-speed  Steam- 

engine.  With  notes,  diagrams,  formulas  and 
tables.  Second  Edition,  revised  and  enlarged. 
8vo,  cloth,  illustrated  . net,  $5.00 

KLiEINHANS,  F.  B,  Boiler  Construction.  A 

Practical  explana,,tion  of  the  best  modern 
methods  of  Boiler  Construction,  from  the  lay¬ 
ing  out  of  sheets  to  the  completed  Boiler. 
With  diagrams  and  full-page  engravings.  Svo, 
cloth,  illustrated  . $3.00 

KNIGHT,  A.  M.,  Lieut.-Com.,  U.S.N,  Modern 

Seamanship.  Illustrated  with  136  full-page 
plates  and  diagrams.  Svo,  cloth,  illustrated. 

Second  Edition,  revised  . net,  $6.00 

Half  morocco  . $7.50 
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KNOX,  W.  P.  Logarithm  Tables . In  Press. 

KNOTT,  C.  G.,  and  MACKAY,  J.  S.  Practical 

Mathematics.  With  numerous  examples,  fig¬ 
ures  and  diagrams.  New  Edition.  8vo,  cloth, 
illustrated  . $2.00 

KOESTER,  F.  Steam-Electric  Power  Plants  and 
their  Construction.  A  Practical  Treatise  on 
the  Design  of  Central  Light  and  Power  Sta¬ 
tions  and  their  Economical  Construction  and 
Operation.  473  pp.,  340  illus . net,  $5.00 

— — — Hy.droeIectrlc  Developments  and  Engineer¬ 
ing.  A  Pr9,ctical  and  Theoretical  Treatise  on 
the  Development,  Design,  Construction.  Equip¬ 
ment,  and  Operation  of  Complete  Hydroelectric 
Transmission  Plants.  With  many  tables  and 
500  diagrams  and  illustrations.  475  pp.,  4to, 
cloth . net,  $5.00 

KOLLER,  T.  The  Utilization  of  Waste  Products. 

A  Treatise  on  the  Rational  Utilization,  Re¬ 
covery  and  Treatment  of  Waste  Products  of 
all  kinds.  Translated  from  the  German,  sec¬ 
ond  revised  edition.  With  numerous  diagrams. 
8vo,  cloth,  illustrated  . net,  $3.50 

——Cosmetics.  A  Haudbook  of  the  Manufacture, 

Employment  and  Testing  of  all  Cosmetic  Ma¬ 
terials  and  Cosmetic  Specialties.  Translated 
from  the  German  by  Chas.  Salter.  8vo,  cloth. 
. net,  $3.50 

KRAUCH,  C.,  Dr.  Testing  of  Chemical  Reagents 
for  Purity.  Authorized  translation  of  the 
Third  Edition,  by  J.  A.  Williamson  and  L.  W. 
Dupre.  With  additions  and  emendations  by 
the  author.  8vo,  cloth . net,  $3.00 

LAMBERT,  T.  Lead,  and  its  Compounds.  With 

tables,  diagrams  and  folding-plates.  8vo, 
cloth  . . .  net,  $3.50 

—Bone  Products  and  Manures.  An  Account  of 

the  most  recent  improvements  In  the  manufac¬ 
ture  of  Pat,  Glue,  Animal,  Charcoal,  Size,  Gela¬ 
tine  and  Manures.  With  plans  and  diagrams. 
8vo,  cloth,  illustrated  . net,  $3.00 

LAMBORN,  L.  L.  Cottonseed  Products.  A  Man¬ 
ual  of  the  Treatment  of  Cottonseed  for  its 
Products  and  Their  Utilization  in  the  Arts. 
With  Tables,  \figures,  full-page  plates,  and  a 
large  folding  map.  8vo,  cloth,  illustrated. 
.  net,$3.00 

- Modem  Soaps,  Candles,  and  Glycerin.  A 

practical  manual  of  modern  methods  of  utili¬ 
zation  of  Fats  and  Oils  in  the  manufacture 
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of  Soaps  and  Candles,  and  the  recovery  of 
Glycerin.  8vo,  cloth,  illustrated  ....net,  $7.50 

LiAMPRECHT,  R.  Recovery  Work  After  Pit 

Fires.  A  description  of  the  principal  methods 
pursued,  especially  In  fiery  mines,  and  of  the 
various  appliances  employed,  such  as  respira¬ 
tory  and  rescue  apparatus,  dams,  etc.  With 
folding  plates  and  diagrams.  Translated  from 
the  German  by  Charles  Salter.  8vo,  cloth,  il¬ 
lustrated  . net,  $4.00 

LiAXCHESTER,  F.  W.  Aerodynamics:  Constitu¬ 
ting  the  First  Volume  of  a  Complete  Work  on 
Aerial  Flight.  With  Appendices  on  the  Ve¬ 
locity  and  Momentum  of  Sound  Waves,  on  the 
Theory  of  Soaring  Flight,  etc.  With  numerous 
diagrams  and  half-tones.  Illustrated.  442  pp., 
8 VO,  cloth . net,  $6.00 

■  Aero  don  etics.  Constituting  the  second  vol¬ 
ume  of  a  Complete  Work  on  Aerial  Flight, 
With  Appendices  on  the  Theory  and  Applica¬ 
tion  of  the  Gyroscope,  on  the  Flight  of  Pro¬ 
jectiles,  etc.  449  pp.,  208  Illustrations,  8vo, 
cloth . net,  $6.00 

liARNER)  E.  T.  Principles  of  Alternating  Cur¬ 
rents.  For  students  of  electrical  engineering. 
69  Illustrations.  110  pp.,  12mo,  cloth.net,  $1.25 

liARRABEE,  C.  S.  Cipher  and  Secret  Letter 

and  Telegraphic  Code,  with  Hog’s  Improve¬ 
ments.  The  most  perfect  Secret  Code  ever  In¬ 
vented  or  discovered.  Impossible  to  read  with¬ 
out  the  key.  18mo,  cloth  .  $0.60 

liASSAR-COHNy  Dr.  An  Introduction  to  Modern 

Scientific  Chemistry,  in  the  form  of  popular 
lectures  suited  to  University  Extension  Stu¬ 
dents  and  general  readers.  Translated  from 
the  author's  corrected  proofs  for  the  second 
German  edition,  by  M.  M.  Pattlson  Muir,  M.  A 
12mo,  cloth.  Illustrated . $2.00 

liATTA,  M.  TC.  Handbook  of  American  Gas- 

Engineering  Practice.  With  diagrams  and 
tables.  8vo,  cloth.  Ulus.,  460  pp....net,  $4.60 

———American  Producer  Gas  Practice  and  Indus¬ 
trial  Gas  Engineering.  A  new  and  original 
work.  Ulus.  8vo,  cloth.  In  Press. 

1.EASK,  A.  R.  Breakdows  at  Sea  and  How  to 

Repair  Them.  With  89  Illustrations.  Second 
Edition.  8 VO,  cloth  . $2.00 
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- Triple  anti  (tiiadriiple  Expansion  Ens?,iues 

and  Boilers  and  their  Management.  AVith  59 
illustrations.  Third  Edition,  revised.  12mo, 
cloth  . $2.00 

- Itefrigeratiog’  Machinery:  Its  Principles  anti 

Management.  With  64  illustrations.  ]2mo, 
cloth  . $2.00 

LECKY,  S.  T.  S.  “AVrinkles”  in  Practical  Navi¬ 
gation.  With  130  illustrations.  8vo,  cloth. 
Fourteenth  Edition,  revised  and  enlarged. 
. net,  $8.00 

liEEDS,  C.  C.  Mechanical  Drawing  for  Trade 


Schools.  High  School  Edition.  (.Carnegie 
Technical  Schools  Textbooks.)  Text  and 
Plates.  4to,  oblong  cloth . net,  $1.25 


-——Mechanical  Drawing  for  Trade  Schools.  Ma¬ 
chinery  Trades’  Edition.  43  lessons  in  text  and 
plates.  4to,  oblong  cloth,  150  pp....net,  $2.00 

LEFEVRE,  L..  Architectural  Pottery:  Brlck.««, 

Tiles,  Pipes,  Enameled  Terra-Cottas,  Ordinary 
and  Incrusted  Quarries,  Stoneware  Mosaics, 
Faiences  and  Architectural  Stoneware.  With 
tables,  plates  and  950  cuts  and  illustrations. 

With  a  preface  by  M.  J.-C.  Formige.  Trans¬ 
lated  from  the  French,  by  H.  K.  Bird,  M.A., 
and  W.  Moore  Binns.  4to,  cloth,  illustrated. 
. . net,  $7.50 

liEHNER,  S.  Ink  Manufacture:  including  Writ¬ 

ing,  Copying,  Lithographic,  Marking,  Stamp¬ 
ing  and  Laundry  Inks.  Translated  from  the 
fifth  German  edition,  by  Arthur  Morris  and 
Herbert  Robson,  B.Sc.  8vo,  cloth,  illustrated. 
. net,  $2.50 

LiEMSTROM,  Dr.  Electricity  in  Agriculture  and 

Plorticulture.  Illustrated  . net,  $1.50 

LEWES,  V,  B.  Liquid  and  Gaseous  Fuels,  and 

the  Part  They  Play  in  Modern  Power  Produc¬ 
tion.  With  tables  and  54  figures  and  diagrams. 
Illustrated.  334  pp.,  8vo,  cloth . net,  $2.00 

LIVERMORE,  V.  P.,  and  WILLIAMS,  J.  How  to 

Become  a  Competent  Motorman.  Being  a 
Practical  Treatise  on  the  Proper  Method  of 
Operating  a  Street  Railway  Motor  Car;  also 
giving  details  how  to  overcome  certain  de¬ 
fects.  Revised  Edition  entirely  rewritten  and 
enlarged.  16mo,  cloth,  illustrated  . $1.00 

LOBBEN,  P.,  M.E.  Machinists’  and  Draftsmen’s 
Handbook,  containing  Tables,  Rules,  and  For- 
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mulas,  with  numerous  examples,  explaining 
the  principles  of  mathematics  and  mechanics, 
as  applied  to  the  mechanical  trades.  Intended 
as  a  reference  book  for  all  interested  in  Me¬ 
chanical  work.  Illustrated  with  many  cuts 
and  diagrams.  8vo,  cloth  . $2.50 

LOCKE,  A.  G.  and  C.  G.  A  Practical  Trcati.se  on 

the  Manufacture  of  Sulphuric  Acid.  With  77 
constructive  plates,  drawn  to  scale  measure¬ 
ments,  and  other  illustrations.  Royal  8vo, 
cloth  . $10.00 

LOCKWOOD,  T.  D.  Electricity,  Magneti.sni,  and 

Electro-telegraphy.  A  Practical  Guide  for 
Students,  Operators,  and  Inspectors.  8vo, 
cloth.  Third  Edition  . $2.50 

- Electrical  Mea.surement  and  the  Galvano¬ 
meter:  its  Construction  and  Uses.  Second  Edi¬ 
tion.  32  illustrations.  12mo,  cloth  ....$1.50 

LODGE,  O.  J.  Elementary  Mechanic.s,  including 


Hj^drostatics  and  Pneumatics.  Revised  Edi¬ 
tion.  12mo,  cloth  . $1..50 


- Signalling  Acro.s.s  Space,  Without  Wires: 

being  a  description  of  the  work  of  Hertz  and 
his  successors.  With  numerous  diagrams  and 
half-tone  cuts,  and  additional  remarks  con¬ 
cerning  the  application  to  Telegraphy  and 
later  developments.  Third  Edition.  8vo,  cloth, 
illustrated  . net,  $2.00 

LOUD,  K.  T.  Decorative  and  Fancy  Fabrics. .  A 

Valuable  Book  with  designs  and  illustrations 
for  manufacturers  and  designers  of  Carpets, 
Damask,  Dress  and  all  Textile  Fabrics.  8vo, 
cloth,  illustrated  ...; . net,  $,3.50 

LORIAG,  A.  E.  A.  Handbook  of  the  Electro¬ 
magnetic  Telegraph.  16mo,  c;loth,  boards. 
New  and  enlarged  edition  . $0.50 

LOWENSTEIN,  L.  C.,  and  CRISSEY.  Centrifugal 
Pumps . In  Press. 

LL^CKE,  C.  E.  Ga.s  Engine  Design.  AVith  fig¬ 
ures  and  diagrams.  Second  Edition,  revised. 
8vo,  cloth,  illustrated  . net,  $3.00 

- Power  Plants:  their  Design,  Efficiency,  and 

Power  Costs.  2  vols . In  Press. 

- I’ower  Plant  Papers. .  Form  I.  The  Steam 

Power  Plant.  Pamphlet  (8x13)  . net,  $1.50 

LUiXGE,  G.,  Ph.D.  Coal-tar  and  Ammonia:  being 

the  third  and  enlarged  edition  of.  “A  Treatise 
on  the  Distillation  of  Coal-tar  and  Ammoni- 
acal  Liquor,”  with  numerous  tables,  figures 
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and  diagrams.  Thick  8vo,  cloth,  illustrated. 
. . net,  $15.00 

■  .11  A  Theoretical  and  Praetieal  Treatise  on  the 

Manufacture  of  Sulphuric  Acid  and  Alkali 
with  the  Collateral  Branches. 

Vol.  I.  Sulphuric  Aeid.  In  two  parts,  not 

sold  separately.  Second  Edition,  revised  and 
enlarged.  342  illus.  8vo,  cloth . $15.00 

Vol.  II.  Salt  Cake,  Hydroehlorie  Acid  and 

Leblanc  Soda.  Second  Edition,  revised  and 
enlarged.  8vo,  cloth  . $15.00 

Vol.  III.  Aninionia  Soda,  and  various  other 

processes  of  Alkali-making,  and  the  prepara¬ 
tion  of  Alkalis,  Chlorine  and  Chlorates,  by 
Electrolysis.  8vo,  cloth.  New  Edition,  1896, 
. $15.00 

■  Technical  Chemists’  Handbook.  Tables  and 

methods  of  analysis  for  manufacturers  of  in¬ 
organic  chemical  products.  283  pp,  12mo, 
leather . net,  $3.50 

-  ■  Technical  Methods  of  Chemical  Analysis. 

Translated  from  the  second  German  edition 
and  adapted  to  English  practice  by  Charles  A. 
Keane,  in  collaboration  with  the  corps  of  spe¬ 
cialists.  Volume  I.  In  two  parts  not  sold  sep¬ 
arately.  1024  pp.  Illustrated.  8vo.  cloth. 

. net.  $15.00 

Vols.  II  and  III  in  preparation. 

- and  HIIKTER,  F.  The  Alkali  Maker's  Hand¬ 
book.  Tables  and  Analytical  Methods  for 
Manufacturers  of  Sulphuric  Acid,  Nitric  Acid, 
Soda,  Potash  and  Ammonia.  Second  Edition. 
12mo,  cloth  . $3.00 

LUPTON,  A.,  PARR,  G.  I>.  A.,  and  PERKIN,  H. 

Electricity  as  Applied  to  Mining.  With  tables, 
diagrams  and  folding  plates.  Second  Edition, 
revised  and  enlarged.  8vo,  cloth,  illustrated. 
. net,  $4.50 

liUQCER,  L.  M.,  Ph.H.  (Columbia  Univ.).  Min¬ 
erals  in  Rock  Sections.  The  Practical  Method 
of  Identifying  Minerals  in  Rock  Sections  with 
the  Microscope.  Especially  arranged  for  Stu¬ 
dents  in  Technical  and  Scientific  Schools.  Third 
Revised  Edition.  Svo,  cloth,  illustrated. 

. net,  $1.50 

MACKIE.  John.  How  to  Make  a  Woolen  3Iill 

Pay.  8vo,  cloth  . net,  $3.00 

MACKRtiW,  C.  Tlie  Naval  Arehiteet’.s  and  Ship¬ 

builder's  Pocket-book  of  Formulae,  Rules,  and 


SCIENTIFIC  PUBLICATIONS. 


43 


Tables;  and  Engineers’  and  Surveyors’  Handy 
Book  of  Reference.  Ninth  Edition.  16mo-, 
limp  leather,  illustrated  . $5.00 

MAGUIRE,  E.,  Capt.,  U.S.A.  The  Attack  and 

Defense  of  Coast  Fortifications.  With  maps 
and  numerous  illustrations.  8vo,  cloth,  $2.50 

— — Wm.  R.  Domestic  Sanitary  Drainage  and 

Plumbing  Lectures  on  Practical  Sanitation. 
332  illustrations.  8vo  . $4.00 

3IARKS,  E.  C.  R.  Notes  on  the  Construction  of 

Cranes  and  Lifting  Machinery.  With  numer¬ 
ous  diagrams  and  figures.  New  and  enlarged 
edition.  12mo.  cloth  . net.  $1.50 

- Notes  on  the  Con.structioii  and  Working  of 

Pumps.  With  figures,  diagrams  and  engrav¬ 
ings.  12mo,  cloth,  illustrated  . net,  $1.50 

— J — G.  C.  Hydraulic  Power  Engineeriug.  A 

Practical  Manual  on  the  Concentration  and 
Transmission  of  Power  by  Hydraulic  Machin¬ 
ery.  With  over  '200  diagrams  and  tables.  8vo,. 
cloth,  illustrated  . $3.50' 

— — Inventions,  Patents  and  Designs,  with  Notes- 

and  Full  Text  of  the  New  Briti.^h  Patents,  and 
Designs  Act  of  1907.  12mo,  cloth ...  .net,  $1.00* 

MARKHAM,  E.  R.  Steel  AVorker,  The  American^ 

A  twenty-five  years  experience  in  the  selection,, 
annealing,  working,  hardening  and  tempering 
of  various  kinds  and  grades  of  steel.  8vo, 
cloth.  Illus.  Second  Edition  . ,$2.50 

MARSH,  C.  F.,  and  DUNN,  W.  Reinforced  Con¬ 
crete.  With  full-page  and  folding  plates,  and 
512  figures  and  diagrams.  Third  Edition,  re¬ 
vised  and  enlarged.  4to,  cloth,  illus.,  net,  $7.00 

■  ■  Manual  of  Reinforced  Concrete  and  Concrete- 

Block  Construction.  Illustrated  by  113  dia¬ 
grams  and  figures.  290  pp,  16mo, 

. net,  $2.50 

MASSIE,  W.  W.,  and  Underhill,  C.  R.  Wireless 

Telegraph^-  ond  Teieimony  x- 

plained.  With  a  special  article  by  Nikola 
Tesla.  76  pp.  28  illustrations.  12mo,  cloth. 
. net,  $1.00 

MAURICE,  AVM.  Electric  Bla.sting  Apparatus 

and  Explosives:  with  Special  Reference  to 
Collierv  Practice.  86  illustrations.  8vo,  cloth, 
176  pp.‘ . net,  $3.50 

MAVER,  W.  American  Telegraphy:  Systems, 

Apparatus,  Operation.  450  illustrations.  8vo, 
cloth  . $5.00^ 


44 


D.  VAN  NOSTRAND  COMPANY  S 


MAYER,  A.  M.,  Prof.  Lecture  Notes  on  Physics. 

8vo.  cloth  . $2.00 

McCullough,  R.  S.,  Prof.  Elementary  Treatise 

on  the  Mechanical  Theory  of  Heat,  and  its  ap¬ 
plication  to  Air  and  Steam-eng-ines.  8vo,  cloth. 

.  $3.50 

— E.  Engineering  Work  in  Towns  and  Small 

Cities.  With  valuable  tables,  diagrams,  and 
formulae.  12mo,  cloth,  illustrated  . $3.00 

McIntosh,  J.  G.  Technology  of  Sugar.  A  Prac¬ 
tical  Treatise  on  the  Manufacture  of  Sugar 
from  the  Sugar-cane  and  Sugar-beet.  With 
diagrams  and  tables.  8vo,  cloth,  illustrated. 
. net,  $4.50 

——Industrial  Alcohol.  A  Practical  Manual  on 

the  Production  and  Use  of  Alcohol  for  Indus¬ 
trial  Purposes  and  for  Use  as  a  Heating  Ag<^nt, 
as  an  llluminant  and  as  a  Source  of  Motive 
Power.  With  plans  and  engravings.  8vo, 

cloth,  ill.  252  pp.,  London,  1907  . net,  $3.00 

I 

- 3lanufaeture  of  Varnishes  and  Kindred  In¬ 
dustries,  Based  on  and  including  the  “Drying 
Oils  and  Varnishes,”  of  Ach.  Livache.  Volume 
I.  Oil  Crushing,  Refining  and  Boiling,  Manu¬ 
facture  of  Linoleum,  Printing  and  Lithograph¬ 
ic  Inks,  and  India-rubber  Substitutes.  Second 
greatly  enlarged  English  Edition.  8vo,  cloth, 
illustrated  . net,  $3.50 

- VoJ.  II.,  Varnish  Materials  and  Oil  Varnish 

Making.  With  figures,  diagrams  and  tables. 

Illustrated,  8vo.  cloth . net,  $4.00 

(To  be  complete  in  three  volumes.) 

MeMEC'HEN,  F.  L.  Tests  for  Ores,  Minerals  and 

Metals  of  Commercial  Value.  8vo,  cloth,  illus¬ 
trated . net,  $1.00 

McNEILL,  R.  McNeill’s  Code.  Arranged  to  meet 

the  requirements  of  Mining,  Metallurgical  and 
Civil  Engineers,  Directors  of  Mining,  Smelting 
and  other  Companies,  Bankers,  Stock  and 
Share  Brokers,  Solicitors.  Accountants,  Finan¬ 
ciers  and  General  Merchants.  Safety  and  Se¬ 
crecy.  8 VO,  cloth  .  $6.00 

-MePHERSON,  J.  A.,  A.  M,  Inst.  C.  E.  Water¬ 
works .  Distribution.  A  practical  guide  to  the 
laying  out  of  systems  of  distributing  mains 
for  the  supply  of  water  to  cities  and  towns. 
W^ith  tables,  folding  plates,  and  numerous  full- 
page  diagrams.  8vo,  cloth,  illustrated,  $2.50 

MELICK,  C.  W.,  Prof.  Dairy  Laboratory  Guide. 

12mo,  cloth,,  illustrated . net,  $1.25 
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MEinCIv,  E.  Chemical  Reag'eiit.s;  Their  Purity 

and  Tests,  250  pp . net,  $1.50 

MERRITT,  W’m.  H.  Eielcl  Testing  for  Gold  and. 

Silver.  A  Practical  Manual  for  Prospectors 
and  Miners.  With  numerous  half-tone  cuts, 
figures  and  tables.  16mo,  limp  leather,  illus¬ 
trated  . $1.50 

METAL  TLRIVING.  By  a  Eorenia,n  Pattern¬ 
maker.  Illustrated  with  81  engravings.  12mo, 
cloth  .  $1.50 

MICHELL,  S.  Mine  Drainage;  being  a  Complete 

Practical  Treatise  on  Direct-acting  Under¬ 
ground  Steam  Pumping  Machinery.  Contain¬ 
ing  many  folding  plates,  diagrams  and  tables. 
Second  Edition,  rewritten  and  enlarged.  Thick 
8vo,  cloth,  illustrated  . $10.00 

MIERZIJVSIvI,  S.,  Dr.  Waterproofing  of  Fabrics.. 

Translated  from  the  German  by  Arthur  Mor¬ 
ris  and  Herbert  Robson.  With  diagrams  and 
figures.  8vo,  cloth,  illustrated  ....  net,  $2.50- 

MILLER,  E.  H.  (Columbia  Univ.),  Quantitative 

Analysis  for  Mining  Engineers.  8vo,  cloth. 
Second  Ed.  Revised  . net,  $1.50 

MILROY,  M.  E.  W.  Home  Lace-making;  a  Han<l- 

book  for  TeacI  ers  and  Pupils.  With  plates 
and  diagrams.  12mo,  cloth,  illustrated. 
. <net,  $1.00 

MINIFIE,  W.  Mechanical  Drawing.  A  Text-- 

book  of  Geometrical  Drawing  for  the  use  of 
Mechanics  and  Schools,  in  which  the  Defini¬ 
tions  and  Rules  of  Geometry  are  familiarly 
explained;  the  Practical  Problems  are  ar¬ 
ranged  from  the  most  simple  to  the  more  com¬ 
plex,  and  in  their  description  technicalities 
are  avoided  as  much  as  possible.  With  illus¬ 
trations  for  drawing  Plans,  Sections,  and  Ele¬ 
vations  of  Railways  and  Machinery;  an  Intro¬ 
duction  to  Isometrical  Drawing,  and  an  Essay 
on  Linear  Perspective  and  Shadows.  Illus¬ 
trated  with  over  200  diagrams  engraved  on 
steel.  Tenth  Thousand,  revised.  With  an  Ap¬ 
pendix  on  the  Theory  and  Application  of  Col¬ 
ors.  8vo,  cloth  . $4.00 

——Geometrical  Drawing.  Abridged  from  the 

Octavo  edition,  for  the  use  of  schools.  Illus¬ 
trated  with  48  steel  plates.  Ninth  Edition. 
12mo,  cloth  . $2.00 

MODERN  METEOROLOGY.  A  Series  of  Six 

Lectures,  delivered  under  the  auspices  of  the 
Meteorological  Society  in  1870.  Illustrated. 
12mo,  cloth  . $1.50 
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MONCKTON,  C.  C.  F.  rSartioteleserrapliy.  17.^  il¬ 
lustrations.  8vo,  cloth,  289  pp.  (Van  Nos¬ 
trand’s  Westminster  Series.) . net,  ^2.00 

MONTEVERDE.  R.  D.  A  Pocket  Glossary  of 

English-Spanish,  Spanish-English  Technical 
Terms.  Suitable  for  the  engineering’,  manufac¬ 
turing  and  mining  industries.  309  pp.  Vest 
pocket  size,  leather . net,  $1.00 

MOORE,  E.  C.  S.  New  Tables  for  the  Complete 

Solution  of  Ganguillet  and  Kutter’s  Formula 
for  the  flow  of  liquids  in  open  channels,  pipes, 
sewers  and  conduits.  In  two  parts.  Part  I, 
arranged  for  1080  inclinations  from  1  over  1 
to  1  over  21,120  for  fifteen  different  values  of 
<n).  Part  II,  for  use  with  all  other  values  of 
(n).  With  large  folding  diagram.  8vo,  cloth, 

illustrated  . net,  $5.00 

MOREING,  C.  A.,  and  NEAL,  T.  New  General 

and  Mining  Telegraph  Code.  676  pages',  al¬ 
phabetically  arranged.  For  the  use  of  mining 
companies,  mining  engineers,  stock  brokers, 
financial  agents,  and  trust  and  finance  com¬ 
panies.  Eighth  Edition.  8vo,  cloth  ...$5.00 

MOSES,  A.  J.  The  Characters  of  Crystals.  An 

Introduction  to  Physical  Crystallography,  con¬ 
taining  321  illustrations  and  diagrams.  8vo. 

. net,  $2.00 

- and  PARSONS,  C.  L.  Elements  of  Mineral¬ 
ogy,  Crystallography  and  Blowpipe  Analysis 
from  a  Practical  Standpoint.  Fourth  Enlarged 
Edition.  8vo,  cloth,  336  illustrations,  net,  $2.50 

MOSS,  S.  A.  Elements  of  Gas  Engine  Design. 

Reprint  of  a  Set  of  Notes  accompanying  a 
Course  of  Lectures  at  Cornell  University  in 
1902.  Second  Edition.  16mo,  cloth,  illustrated. 
(Van  Nostrand’s  Science  Series)  . $0.50 

——The  Lay-out  of  Corliss  Valve  Gears.  (Van 

nostrand’s  Science  Series.)  16mo,  cloth.  Illus¬ 
trated  . $0.50 

MULLIN,  J..  P.,  M.E.  Modern  Moulding  aud  Pat¬ 
tern-making.  A  Practical  Treatise  upon  Pat¬ 
tern-shop  and  Foundry  Work:  embracing  the 
Moulding  of  Pulleys,  Spur  Gears,  Worm  Gears, 
Balance-wheels,  Stationary  Engine  and  Loco¬ 
motive  Cylinders,  Globe  Valves,  Tool  Work, 
Mining  Machinery,  Screw  Propellers,  Pattern- 
shon  Machinery,  and  the  latest  improvements 
In  English  and  American  Cupolas;  together 
with  a  large  collection  of  original  and  care- 
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•fully  selected  Rules  and  Tables  for  every-day 
use  in  the  Drawing  Office,  Pattern-shop  and 
Foundry.  12mo,  cloth,  illustrated  . $2.50 

MUNBY,  a,  E.  Introduction  to  the  Chemistry 

and  Physics  of  Building  Materials,  Illustrated. 
8vo,  cloth,  365  pp.  (Van  Nostrand’s  Westmin¬ 
ster  beries.) . net,  .$2.00 

MUMIO,  J.,  C.E.,  and  JA31IESON,  A.,  C.E.  A 

Pocket-book  of  Electrical  Rules  and  Tables 
for  the  use  of  Electricians  and  Engineers. 
Sixteenth  Edition,  revised  and  enlarged.  With 
numerous  diagrams.  Pocket  size.  Leather. 

.  $2.50 

MURPHY,  J.  G.,  31.E.  Practical  Mining.  A  Field 

Manual  for  Mining  Engineers.  With  Hints  for 
Investors  in  Mining  Properties.  16mo,  cloth. 
.  $1,00 

NAQIIET,  A.  Legal  Chemistry.  A  Guide  to  the 

Detection  of  Poisons,  Falsification  of  Writings, 
Adulteration  of  Alimentary  and  Pharmaceuti¬ 
cal  Substances,  Analysis  of  Ashes,  and  Exami¬ 
nation  of  Hair,  Coins,  Arms  and  Stains,  as  ap¬ 
plied  to  Chemical  Jurisprudence,  for  the  use  of 
Chemists,  Physicians,  Lawyers,  Pharmacists 
and  Experts.  Translated,  with  additions,  in¬ 
cluding  a  list  of  books  and  memoirs  on  Toxi¬ 
cology,  etc.,  from  the  French,  by  J.  P.  Batter- 
shall,  Ph.D.,  with  a  preface  by  C.  F.  Chandler, 
Ph.D.,  M.D.,  LL.D.  i2mo,  cloth  . $2.00 

NASMITH,  J.  The  Student’s  Cotton  Spinning. 

Third  Edition,  revised  and  enlarged.  8vo, 
cloth,  622  pages,  250  illustrations  . $3,00 

NERZ,  F.  Searchlights:  Their  Theory,  Construc¬ 
tion  and  Application.  Translated  by  Charles 
Rodgers.  47  illustrations.  145  pp.  8vo,  cloth. 
. net,  $3.00 

NEUBERGER,  H.,  and  NOALHAT,  H.  Technol¬ 
ogy  of  Petroleum.  The  Oil  Fields  of  the 
World:  their  History,  Geography  and  Geology. 
Annual  Production,  Prospection  and  Devel¬ 
opment;  Oil-well  Drilling;  Transportation  of 
Petroleum  by  Land  and  Sea.  Storage  of  Pe¬ 
troleum.  With  153  illustrations  and  25  plates. 
Translated  from  the  French  by  John  Geddes 
McIntosh.  8vo,  cloth,  illustrated,  net,  $10.00 

NEWALL,  J.  AV.  Plain  Practical  Directions  for 

Drawing,  Sizing  and  Cutting  Bevel-gears, 
showing  how  the  Teeth  may  be  cut  in  a  Plain 
Milling  Machine  or  Gear  Cutter  so  as  to  give 
them  a  correct  shape  from  end  to  end;  and 
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showing-  how  to  get  out  all  particulars  for 
the  Workshop  without  making  any  Drawings. 
Including  a  Full  Set  of  Tables  of  Reference. 
Folding  plates.  8vo,  cloth  . $1.50 

NEWIjANDS,  J.  The  Carpenters*  and  Joiners’ 

Assistant:  being  a  Comprehensive  Treatise  on 
the  Selection,  Preparation  and  Strength  of  Ma¬ 
terials,  and  the  Mechanical  Principles  of 
Framing,  with  their  application  in  Carpentry, 
Joinery  and  Hand-railing;  also,  a  Complete 
Treatise  on  Sines;  and  an  illustrated  Glossary 
of  Terms  used  in  Architecture  and  Building. 
Illustrated.  Folio,  half  morocco  . $15.00 

NIPHER,  F.  E.,  A.M.  Theory  of  Magnetic  Meas¬ 
urements,  with  an  Appendix  on  the  Method  of 
Least  Squares.  12mo,  cloth  . $1.00 

NISBET,  H.  Grammar  of  Textile  Design.  With 

many  diagrams  and  figures.  8vo,  cloth,  illus¬ 
trated.  276  pp.,  London,  1907  . net,  $3.00 

NOLIj,  Aiigu.stiis.  How  to  Wire  Buildings:  A 

Manual  of  the  Art  of  Interior  Wiring.  With 
many  illustrations.  Fourth  Edition.  8vo, 
cloth,  illustrated  . $1.50 

NUGENT,  E.  Treatise  on  Optics;  or,  Light  and 

Sight  Theoretically  and  Practically  Treated, 
with  the  Application  to  Fine  Art  and  Indus¬ 
trial  Pursuits.  With  103  illustrations.  12mo, 
cloth  . $1.50 

O’COiVIVOR,  H.  The  Gas  Engineer’s  Pocket-hook. 

Comprising  Tables,  Notes  and  Memoranda  re¬ 
lating  to  the  Manufacture,  Distribution  and 
Use  of  Coal-gas  and  the  Construction  of  Gas¬ 
works.  Second  Edition,  revised.  12mo,  full 
leather,  gilt  edges  . $3.50 

OIjSSON,  a.  Motor  Control  as  TJsetl  In  Connec¬ 
tion  with  Turret  Turning  and  Gun  Elevating. 
(The  Ward  Leonard  System.)  Illustrated. 
8vo,  Pamphlet.  27  pp.  (U.  S.  Navy  Electrical  Se¬ 
ries,.  No.  1.) . net,  $..50 

OLSEN,  J.  C.,  Prof.  Text-hook  of  (Quantitative 

Chemical  Analysis  by  Gravimetric,  Electro¬ 
lytic,  Volumetric  and  Gasometric  Methods. 
With  Seventy-two  Laboratory  Exercises  giv¬ 
ing  the  Analysis  of  Pure  Salts,  Alloys,  Miner¬ 
als,  and  Technical  Products.  With  numerous 
figures  and  diagrams.  Fourth  Edition,  revised 
and  enlarged.  8vo,  cloth . net,  $4.00 

OSBORN,  F.  C.  Tables  of  Moments  of  Inertia, 

and  Squares  of  Radii  of  Gyration;  supple¬ 
mented  by  others  on  the  Ultimate  and  Safe 
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Strength  of  Wrought-iron  Columns,  Safe 
Strength  of  Timber  Beams,  and  Constants  for 
readily  obtaining  the  Shearing  Stresses,  Reac¬ 
tions  and  Bending  Moments  in  Swing  Bridges. 
Fifth  Edition.  l^Jmo,  leather  . net,  $3.UU 


OUDlNy  M.  A.  Standard  Polyphase  Apparatn.s 

and  Systems.  With  many  diagrams  and  fig¬ 
ures.  Fifth  Edition,  revised  and  enlarged. 
Fully  illustrated.  8vo,  cloth,  370  pp.  ...$3.0U 

PALiAZy  A.,  Sc.D,  A  Treatise  on  Industrial  Pho¬ 
tometry,  with  special  application  to  Electric 
Lighting.  Authorized  translation  from  the 
French  by  George  W.  Patterson,  Jr.  Second 
Edition,  revised.  8vo,  cloth,  illustrated,  ^4.00 

PAMELY,  C.  Colliery  Manager’s  Handbook.  A 

Comprehensive  treatise  on  the  Laying-out  and 
Working  of  Collieries.  Designed  as  a  book 
of  reference  for  colliery  managers  and  for 
the  use  of  coal-mining  students  preparing  for 
first-class  certificates.  Fifth  Edition,  revised 
and  enlarged.  Containing  over  1,000  dia¬ 
grams,  plans,  and  engravings.  8vo,  cloth, 
illustrated  . net,  $10. Ou 

PARR,  G.  H.  A.  Electrical  Engineering  Measur¬ 
ing  Instruments,  for  Commercial  and  Labora¬ 
tory  Purposes.  With  370  diagrams  and  en¬ 
gravings.  8vo,  cloth,  illustrated,  net,  $8. So 

PARRY,  E.  J.,  B.Sc.  The  Chemistry  of  Essential 

Oils  and  Artificial  Perfumes.  Being  an  at¬ 
tempt  to  group  together  the  more  important 
of  the  published  facts  connected  with  the  sub¬ 
ject;  also  giving  an  outline  of  the  princlple.s 
involved  in  the  preparation  and  analysis  of 
Essential  Oils.  Second  Edition,  thoroughly  re¬ 
vised  and  greatly  enlarged.  With  numerous 
diagrams  and  tables.  8vo,  cloth,  illustrated. 
. net,  $5.00 

- and  COSTE,  J.  H.  Chemistry  of  Pigment**. 

With  tables  and  figures.  8vo,  cloth,  net,  $4.50 

- L.  A.,  M.D.  The  Risk  and  Dangers  of  Vari¬ 
ous  Occupations  and  their  Prevention.  A  book 
that  should  be  in  the  hands  of  manufacturers, 
the  medical  profession,  sanitary  inspectors, 
medical  officers  of  health,  managers  of  works, 
foremen  and  workmen.  8vo,  cloth,  net,  $3.00 

PARSHALL,  H.  F.,  and  HOBART,  H.  M.  Arma¬ 
ture  Windings  of  Electric  Machines.  With  140 
full-page  plates,  65  tables  and  165  pages  of 
descriptive  letter-press.  4to,  cloth  ....$7.50 

- Electric  Railway  Engineering.  With  num¬ 
erous  tables,  figures,  and  folding  plates.  4tu, 


50 


D.  VAN  NOSTRAND  COMPANY'S 


Cloth,  483  pp.,  illus.  . ....net,  916.00 

This  Is  undoubtedly  the  most  comprehensive 
work  on  a  rapidly  growing  and  immensely  im¬ 
portant  branch  of  engineering,  and  is  likely 
to  remain  for  long  the  standard  book  on  the 
subject. 

——and  PARRY,  E.  Electrical  Equipment  ol 

Tramways  . In  Press. 

PASSMORE,  A.  C.  Handbook  of  Technical 

Terms  used  in  Architecture  and  Building,  and 
their  Allied  Trades  and  Subjects.  8vo,  cloth. 

. net,  $3.60 

PATERSON,  D.,  F.C.S.  The  Color  Printing  of 

Carpet  Tarns,  A  useful  manual  for  color 

chemists  and  textile  printers.  With  numerous 
illustrations.  8vo,  cloth,  illustrated,  net,  $3.60 

——■Color  Matching  on  Textileii.  A  Manual  In¬ 
tended  for  the  use  of  Dyers,  Calico  Printers, 
and  Textile  Color  Chemists.  Containing  col¬ 
ored  frontispiece  and  9  illustrations,  and  14 
dyed  patterns  in  appendix.  8vo,  cloth,  illus¬ 
trated  . net,  $3.00 

. The  Science  of  Color  Mixing.  A  Manual  in¬ 
tended  for  the  use  of  Dyers,  Calico  Printers, 
and  Color  Chemists.  With  figures,  tables,  and 
colored  plate.  8vo,  cloth,  illustrated,  net,  $3.00 

PATTON,  H.  B.  Lecture  Notea  on  Crystallog¬ 
raphy.  Revised  Edition,  largely  rewritten. 
Prepared  for  use  of  the  students  at  the  Colo¬ 
rado  School  of  Mines.  With  blank  pages  for 
note-taking.  8vo,  cloth  . net,  $1.25 

PAULDING,  C.  P.  Practical  Lavra  and  Data  on 

the  Condensation  of  Steam  in  Covered  and 
Bare  Pipes;  to  which  is  added  a  translation  of 
Peclet’s  “Theory  and  Experiments  on  the 
Transmission  of  Heat  Through  Insulating  Ma¬ 
terials."  8vo,  cloth,  illus.  102  pp . net,  $2.00 

— — Transmiasion  of  Heat  Through  Cold-storage 

Insulation:  Formulas,  Principles,  and  Data 

'  Relating  to  Insulation  of  Every  Kind.  A 
Manual  for  refrigerating  engineers.  With 
tables  and  diagrams.  12mo,  cloth,  illustrated. 
. net,  $1.00 

PEIRCE.  B.  System  of  Analytic  Mechanics. 


4to,  cloth  . $10.00 

PENDRED,  V.  The  Railway  Locomotfre.  What 

It  Is  and  Why  It  Is  What  It  Is.  94  Illustra¬ 
tions.  8vo,  cloth,  318  pp.  (Van  Nostran4’s 
Westminster  Series.) . net,  ^.00 
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PjERKIN,  P.  M.  Practical  Methods  of  Inorganic 

Chemistry.  With  figures  and  diagrams.  12mo, 
cloth,  illustrated,  152  pp . net,  $1.00 

PERRIGO,  O.  E.  Devices,  Change  Gear.  Show¬ 
ing  the  Development  of  the  Screw  Cutting 
lathe  and  the  Methods  of  obtaining  various 
pitches  of  Threads.  Cloth  . $1.00 

PERRINE,  P.  A.  C.,  A.M.,  D.Sc.  Conductors  for 

Electrical  Distribution ;  their  Manufacture  and 
Materials,  the  Calculation  of  Circuits,  Pole 
Line  Construction,  Underground  Working  and 
other  Uses.  With  numerous  diagrams  and  en¬ 
gravings.  Second  Edition,  revised.  8vo,  cloth, 
illustrated,  287  pages  . net,  $3.50 

PERRIN  J.  Applied  Mechanics.  A  Treatise  for 

the  Use  of  Students  who  have  time  to  work 
experimental,  numerical,  and  graphical  exer¬ 
cises  illustrating  the  subject.  8vo,  cloth,  650 
pages  . net,  $2.50 

PHlliLiIPS,  J.  Engineering  Chemistry.  A  Prac¬ 
tical  Treatise  for  the  use  of  Analytical  Chem¬ 
ists.  Engineers,  Iron  Masters,  Iron  Founders, 
students  and  others.  Comprising  methods  of 
Analysis  and  Valuation  of  the  principal  ma¬ 
terials  used  in  Engineering  works,  with  num¬ 
erous  Analyses,  Examples,  and  Suggestions. 
Illustrated.  Third  Edition,  revised  and  en¬ 
larged.  Svo,  cloth  . net,  $4.50 

——Gold  Assaying.  A  Practical  Handbook  giv¬ 
ing  the  Modus  Operandi  for  the  Accurate  As¬ 
say  of  Auriferous  Ores  and  Bullion,  and  the 
Chemical  Tests  required  in  the  Processes  of 
Extraction  by  Amalgamation,  Cyanidation,  and 
Chlorination.  With  an  appendix  of  tables  and 
statistics  and  numerous  diagrams  and  en¬ 
gravings.  Svo,  cloth.  Illustrated,  net,  $2.50 

PHIN,  J.  Seven  Pollies  of  Science.  A  l^opnlar 
Account  of  the  most  famous  scientific  Impossi¬ 
bilities  and  the  attempts  which  have  been 
made  to  solve  them;  to  which  is  added  a  small 
Budget  of  Interesting  Paradoxes,  Illusions 
and  Marvels.  With  numerous  Illustrations. 
Second  Edition.  Svo,  cloth,  illustrated. 
. . net,  $1.25 

—Household  Pests,  and  How  to  Get  Rid  of 
Them.  Svo,  cloth . In  Press. 

PICKWORTH,  C.  N.  The  Indicator  Handbook. 
A  Practical  Manual  for  Engineers.  Part  I.  The 
Indicator:  Its  Construction  and  Application. 
81  illustrations.  12mo,  cloth  . $1.60 
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- The  Indicator  Handbook.  Part  II.  The  In¬ 
dicator  Diagram:  its  Analysis  and  Calculation. 
With  tables  and  figures.  12mo,  cloth,  illus¬ 
trated  . $1.50 

- liOgarithms  for  Beginner.^.  8vo,  hoards,  $0.50 

- The  Slide  Rule.  A  Practical  Manual  of  In¬ 
struction  for  all  Users  of  the  Modern  Type  of 
Slide  Rule,  containing  Succinct  Explanation  of 
the  Principle  of  Slide-Rule  Computation,  to¬ 
gether  with  Numerous  Rules  and  Practical 
Illustrations,  exhibiting  the  Application  of  the 
Instrument  to  the  Every-day  Work  of  the 
Engineer — Civil,  Mechanical  and  Electrical. 
Seventh  Edition.  12mo,  fiexible  cloth,  $1.00 

PLANE  TABLE,  THE.  Its  Uses  in  Topographi¬ 
cal  Surveying.  Prom  the  Papers  of  the  United 
States  Coast  Surve3^  Illustrated.  8vo,  cloth. 

. . .  $2.00 

“This  work  gives  a  description  of  the  Plane 
Table  employed  at  the  United  States  Coast 
Survey  office,  and  the  manner  of  using  it.”* 

PLATTNER’S  Manual  of  Qualitative  and  Quan¬ 
titative  Analysis  with  the  Blow-pipe.  Eighth 
Edition,  revised.  Translated  by  Henry  B. 
Cornwall,  E.M..  Ph.D.,  assisted  by  John  H. 
Caswell,  A.M,  From  the  sixth  German  edition, 
by  Prof.  Friederich  Kolbeck.  With  87  wood- 
cutis.  463  pages.  8vo,  cloth  . net,  .$4.00 

PLYMPTON,  Geo.  W.,  Prof.  The  Aneroid  Bar¬ 
ometer:  its  Construction  and  Use.  Compiled 
from  several  sources.  Tenth  Edition,  revised 
and  enlarged.  16mo,  boards,  illustrated,  $0.50 

POCKET  LOGARITHMS,  to  Pour  Places  of  Deci¬ 
mals,  including  Logarithms  of  Numbers,  and 
Logarithmic  Sines  and  Tangents  to  Single 
Minutes.  To  which  is  added  a  Table  of  Nat¬ 
ural  Sines,  Tangents,  and  Co-tangents.  16mo, 
boards  ...r . $0.50 

POPE,  P.  L.  Modern  Practice  of  the  Electric 

Telegraph..  A  Technical  Handbook  for  Elec¬ 
tricians,  Managers  and  Operators.  Fifteenth 
Edition,  rewritten  and  enlarger,  and  fully  il¬ 
lustrated.  8vo,  cloth  . $1.50 

POPPLEWELL,  W.  C.  Elementary  Treatise  on 

Heat  and  Heat  Engines.  Specially  adapted  for 
engineers  and  students  of  engineering.  12mo, 
cloth,  illustrated  . $3.00 

——Prevention  of  Smoke,  combined  with  the 

Economical  Combustion  of  Fuel.  With  dia¬ 
grams,  figures  and  tables.  8vo,  cloth,  illus¬ 
trated  . net,  $3.50 
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POTTER,  T.  Concrete.  Its  use  in  Puilcliug,'  from 

Foundations  to  Finish.  Third  Edition,  revised 
and  enlarged.  138  illustrations.  358  pp.,  8vo, 
cloth . net,  $3.00 

Practical  Compounding  of  Oils,  Tallow  and 

Grease,  for  Lubrication,  etc.  By  an  Expert 
Oil  Refiner,  8vo,  cloth  . net,  $3.50 

Practical  Iron  Founding.  By  tlie  Author  of 

“Pattern  Making,”  etc.  Illustrated  with  over 
100  engravings.  Third  Edition.  12mo,  cloth. 
.  $1.50 

PRATT,  HERBERT.  Wiring  a  House.  Pamph¬ 
let  . $0.25 

PRAY,  T.,  Jr.  Twenty  Years  with  the  Indicator: 

being  a  Practical  Text-book  for  the  Engineer 
or  the  Student,  with  no  complex  Formulae. 
Illustrated.  8vo,  cloth  . ,$2.50 

- Steam  Thhles  and  Engine  Con.stant.  Com-, 

piled  from  Regnault,  Rankine  and  Dixon  di¬ 
rectly,  making  use  of  the  exact  records.  8vo, 
cloth  . $2.00 

PREECE,  W.  H.  Electric  Lamps . In  Press. 

- and  Stubbs,  A.  T.  Manual  of  Telephony. 

Illustrations  and  plates.  12mo,  cloth,  $4.50 

PREIillVI,  C.,  C.E,  Earth *and  Rock  Excavation. 

.A  Manual  for  Engineers,  Contractors,  and  En¬ 
gineering  Students,  With  tables  and  many 
diagrams  and  engravings.  Second  Edition, 
revised,  8vo,  cloth,  illustrated  ....net,  $3,00 

- Graphical  llctcrmination  of  Earth  Slopes. 

Retaining  Walls,  and  Dams.  8vo,  cloth,  illus¬ 
trated,  136  pp . net,  $2.00 

-^—Tunneling'.  A  Practical  Treatise  containing 

149  Working  Drawings  and  Figures.  With 
additions  by  Charles  S.  Hill,  C.E.,  Associate 
Editor  “Engineering  News.”  311  pages.  Third 
Edition,  revised,  8vo,  clot'h,  illus . $3.00 

Dredging.  A  Practical  Treatise.  . .  .In  Press, 

PREMIER  CODE.  (See  HaWke,  Wm.  H.) 

PRESCOTT,  A.  B.,  Prof.  Organic  Analysis.  A 

Manual  of  the  Descriptive  and  Analytical 
Chemistry  of  certain  Carbon  Compopnds  in 
Common  Use;  a  Guide  in  the  Qualitative  and 
Quantitative  Analysis  of  Organic  Materials  in 
Commercial  and  Pharmaceutical  Assays,  in  the 
Estimation  of  Impurities  under  Authorized 
Standards,  and  in  Forensic  Examinations  for 
Poisons,  with  Directions  for  Elementary  Or- 
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ganic  Analysis.  Fifth  Edition.  8vo,  cloth. 
.  $5.00 

- and  JOHNSON,  O.  C.  analitative  Chemical 

Analysis.  A  Guide  in  Qualitative  Work,  with 
Data  for  Analytical  Operations,  and  Labora¬ 
tory  Methods  in  Inorganic  Chemistry.  Sixth 
revised  and  enlarged  Edition,  entirely  rewrit¬ 
ten,  with  an  appendix  by  H.  H.  Willard,  con¬ 
taining  a  few  improved  methods  of  analysis. 
8vo,  cloth . net,  $3.50 

- and  SULLIVAN,  E.  C.  (University  of  Michi¬ 
gan).  First  Book  in  Qualitative  Chemistry. 
For  Studies  of  Water  Solution  and  Mass  Ac¬ 
tion.  Twelfth  Edition,  entirely  rewritten.  12mo, 
cloth  . net,  $1.50 

PRESS,  A.  Design  of  Electrical  Machinery.  8vo, 
cloth.  Ulus . In  Press. 

PRITCHARD,  O.  G.  The  Manufacture  of  Elec- 

,  trie-light  Carbons.  Illustrated.  '  8vo,  paper. 
.  $0.60 

PROST,  E.  Manual  of  Chemical  Analysis  as  Ap¬ 
plied  to  the  Assay  of  Fuels,  Ores,  Metals,  Al¬ 
loys,  Salts,  and  other  Mineral  Products.  Trans¬ 
lated  from  the  original  by  J.  C.  Smith.  Part  I, 
Fuels,  Waters,  Ores,  Salts,  and  other  mineral 
industrial  products;  Part  II,  Metals;  Part  III, 
Alloys.  8 VO,  cloth  . net,  $4.50 

PULLEN,  W.  W.  F.  Application  of  Graphic 

Methods  to  the  Design  of  Structures.  Specially 
prepared  for  the  use  of  Engineers.  A  Treat¬ 
ment  by  Graphic  Methods  of  the  Forces  and 
Principles  necessary  for  consideration  in  the 
Bridges,  Trusses,  Framed  Structures,  Wells, 
Bridges,  Trusses,  Framed  Structures,  Roofs, 
Dams,  Chimneys,  and  Masonry  Structures. 
12mo,  cloth,  profusely  Illustrated,  net,  $2.50 

PULSIFER,  W.  H.  Notes  for  a  History  of  Lead. 
8vo,  cloth,  gilt  top  . $4.00 

PUTSCH,  A.  Gas  arid  Coal-dust  Firing.  A  Crit¬ 
ical  Review  of  the  Various  Appliances  Pat¬ 
ented  in  (Germany  for  this  Purpose  since  1885. 
With  diagrams  and  figures.  Translated  from 
the  German  by  Charles  Salter.  8vo,  cloth,  il¬ 
lustrated  . net,  $3.00 

PYNCHON,  T.  R.,  Prof.  Introduction  to  Chemi¬ 
cal  Physics,  designed  for  the  use  of  Acade¬ 
mies,  Colleges  and  High  Schools.  Illustrated 
with  numerous  engravings,  and  containing 
copious  experiments,  with  directions  for  pre¬ 
paring  them.  New  Edition,  revised  and  en¬ 
larged,  and  Illustrated  by  269  wood  engrav¬ 
ings.  8vo,  cloth  . $3.00 
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RADFORU,  C.  S.,  Liieut.  Handbook  on  Naval 

Gunnery.  Prepared  by  Authority  of  the  Navy 
Department.  For  the  use  of  U.  S.  Navy,  U.  S. 
Marine  Corps,  and  U.  S.  Naval  Reserves,  Re¬ 
vised  and  enlarged,  with  the  assistance  of 
Stokely  Morgan,  Lieut.  U.  S.  N.  Third  Edition, 
revised  and  enlarged.  12mo,  flexible  leather. 
. net,  $2.00 

RAFTER,  G.  W.  Treatment  of  Septic  Sewage 

(Van  Nostrand’s  Science  Series,  No.  118).  16mo, 
cloth  . $0.50 

■  . -and  BAKER,  M.  N.  Sewage  Disposal  in  tbe 

United  States.  Illustrations  and  folding  plates. 
New  Revised  and  Enlarged  Edition.  4to, 
cloth.* . $0.00 

RAIKES,  H.  P.  The  Design,  Construction  and 

Maintenance  of  Sewage  Disposal  Works.  Be¬ 
ing  a  Practical  Guide  to  Modern  Methods  of 
Sewage  Purification.  414  pp.,  8vo,  cloth. 
. . . net,  $4.00 

Railway  Shop  Up-to-Date.  A  reference  book 
of  up-to-date  American  railway  shop  practice. 
Compiled  by  the  editorial  staff  of  the  “Rail¬ 
way  Master  Mechanic.”  With  innumerable  fig¬ 
ures,  diagrams  and  drawings.  243  pp.,  4te, 
cloth,  illustrated . . . . .  .net,  $3.00 

RAM,  G.  S.  The  Incandescent  Lapip  and  its 
Manufacture.  8vo,  cloth . net,  $3.00 

RAMP,  H.  31.  Foundry  Practice . In  Press. 

RANDALIj,  P.  31.  Quart*  Operator’s  Handbook. 

New  Edition,  revised  and  enlarged,  fully  il¬ 
lustrated.  12mo,  cloth  . $2,^ 

RANDAU,  P.  Enamels  and  Enamelling.  An  in¬ 
troduction  to  the  preparation  and  application 
of  all  kinds  of  enamels  for  technical  and  artis¬ 
tic  purposes.  For  enamel-makers,  workers  in 
gold  and  silver,  and  manufacturers  of  objects 
of  art.  Third  German  Edition.  Translated 
by  Charles  Salter.  With  figures,  diagrams  and 
tables.  8 VO,  cloth,  illustrated  . net,  $4.00 

RANKINE,  W.  J.  M.  Applied  Mechanics.  Com¬ 
prising  the  Principles  of  Statics  and  Cine¬ 
matics,  and  Theory  of  Structures,  Mechanism, 
and  Machines.  With  numerous  diagrams.  Sev¬ 
enteenth  Edition,  thoroughly  revised  by  W.  J. 
Millar.  8vo,  cloth  . $5.00 

■ - Civil  Engineering.  Comprising  Engineering 

Surveys,  Earthwork,  Foundations,  Masonry, 
Carpentry,  Metal-work,  Roads,  Railways, 
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Canals,  Rivers,  Water-works,  Harbors,  etc. 
With  numerous  tables  and  illustrations. 
Twenty-first  Edition,  thoroughly  revised  by 
W.  J.  Millar.  8vo,  cloth  . $6.60 

- Machinery  and  Millwork.  Comprising  the 

Geometry,  Motions,  Work,  Strength,  Construc¬ 
tion,  and  Objects  of  Machines,  etc.  With  near¬ 
ly  300  woodcuts.  Seventh  Edition,  thoroughly 
revised  by  W.  J.  Millar.  8vo,  cloth  ..$6.00 

— — The  Steam-engine  and  Other  Prime  Movers. 

With  diagram  of  the  Mechanical  Properties  of 
Steam.  Folding  plates,  numerous  tables  and 
illustrations.  Fifteenth  Edition,  thoroughly 
revised  by  W.  J.  Millar.  8vo,  cloth  . $5.00 

- -Useful  Rules  and  Tables  for  Engineers  and 

Others.  With  Appendix,  Tables,  Tests  and 
Formulae  for  the  use  of  Electrical  Engineers. 
Comprising  Submarine  Electrical  Engineering, 
Electric  Lighting  and  Transmission  of  Power. 
By  Andrew  Jamieson,  C.E.,  F.R.S.B.  Seventh 
Edition,  thoroughly  revised  by  W.  J.  Millar. 
8vo,  cloth  . $4.00 

- and  BA3IBER,  E.  P.,  C.E.  A  Mechanical 

Text-book.  With  numerous  illustrations.  Fifth 
Edition.  8vo,  cloth* . $3.50 

RAPHAEL,  F.  C.  Localization  of  Fanlts  in  Elec¬ 
tric  Light  and  Power  Mains,  with  chapters  on 
Insulation  Testing.  With  figures  and  dia¬ 
grams.  Second  Edition,  revised.  8vo,  cloth, 
illustrated  . . . net,  $3.00 

RATEAU,  A.  Experimental  Researches  on  the 

Flow  of  Steam  through  Nozzles  and  Orifices, 
to  which  is  added  a  note  on  the  Flow  of  Hot 
Water.  (Extrait  des  Annales  des  Mines.  Janu¬ 
ary,  1902.)  Authorized  translation  by  H.  Boyd 
Brydon.  With  figures,  tables,  and  folding 
plates.  8vo,  cloth,  illus . net,  $1.50  . 

RAUSENBERGER,  F.  The  Theory  of  the  Recoil 

of  Guns  with  Recoil  Cylinders.  Translated  by 
Alfred  Slater.  124  pp.  3  folding  plates.  8vo, 
cloth,  illustrated  . net,  $4.50 

RAUTENSTRAUCH,  W.,  Prof.  Syllabns  of  Lec¬ 
tures  and  Notes  on  the  Elements  of  Machine 
Design.  With  blank  pages  for  note-taking. 
8vo,  boards,  illustrated . net,  $1.50 

~  ■■—and  AVIIiLIAMS,  J.  T.  Machine  Drafting  and 

Empirical  Design.  A  Textbook  for  Students  in 
Engineering  Schools  and  Others  who  are  be-  • 
ginning  the  study  of  Drawing  as  Applied  to 
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Machine  Design.  Part  I,  Machine  Drafting. 

Illustrated,  70  pp.,  8vo,  cloth . net. 

Complete  in  Two  Parts.  Part  II  in  preparation. 

I^^^YMOND,  E3.  B.  Alternating-current  Engin¬ 
eering  Practically  Treated.  With  numerous 
diagrams  and  figures.  Second  Edition.  12mo, 
cloth  . net,  $2.50 

RAYNER,  H.  Silk  Throwing  and  Waste  Silk 

Spinning.  With  numerous  diagrams  and  fig¬ 
ures.  8vo,  cloth,  illus . net,  $2.50 

RECIPES  for  the  Color,  Paint,  Varnish,  Oil,  Soap 

and  Drysaltery  Trades.  Compiled  by  an  Ana¬ 
lytical  Chemist.  8vo,  cloth  . $3.50 


RECIPES  FOR  FLINT  GLASS  MxlKING.  Being 

Leaves  from  the  mixing-book  of  several  ex¬ 
perts  in  the  Flint  Glass  Trade.  Containing  up- 
to-date  recipes  and  valuable  information  as 
to  Crystal,  Demi-crystal,  and  Colored  Glass  in 
its  many  varieties.  It  contains  the  recipes  for 
cheap  metal  suited  to  pressing,  blowing,  etc., 
as  well  as  the  most  costly  Crystal  and  Ruby. 
British  manufacturers  have  kept  up  the  qual¬ 
ity  of  this  glass  from  the  arrival  of  the  Vene¬ 
tians  to  Hungry  Hill,  Stourbridge,  up  to  the 
present  time.  The  book  also  contains  remarks 
as  to  the  result  of  the  metal  as  it  left  the  pots 
by  the  respective  metal  mixers,  taken  from 
their  own  memoranda  vipon»  the  originals. 
Compiled  by  a  British  Glass  Master  and  Mixer. 
12mo,  cloth  . net,  .$4.50 

REEIi’S  ENGINEERS’  HANDBOOK  to  the  Local 

Marine  Board  Examinations  for  Certificates 
of  Competency  as  First  and  Second  Class  En¬ 
gineers.  Bv  W.  H.  Thorn.  With  the  answers 
to  the  Elementary  Questions.  Illustrated  by 
P.58  diagrams  and  37  large  plates.  Seventeenth 
Edition,  revised  and  enlarged.  8vo,  cloth,  .$5.00 


_ Ker  to  the  Seventeenth  Edition  of  Reed’s 

Engineers’  Handbook  to  the  Board  of  Trade 
Examination  for  First  and  Second  Class  En¬ 
gineers,  and  containing  the  workings  of  All 
the  Questions  given  in  the  examination  papers. 
By  W.  H.  Thorn.  8vo,  cloth . .$3.00 


— Useful  Hints  to  Sea-going  Engineer.s,  and 

How  to  Repair  and  Avoid  “Breakdowns:  also 
apnendices  containing  Boiler  Explosions,  Use¬ 
ful  Formulae,  etc.  With  42  diagrams  and  8 
plates.  Third  Edition,  revised  and  enlarged. 
12mo,  cloth  . . 
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- Marine  Boilers.  A  Treatise  on  the  Causes 

and  Prevention  of  their  Priming’,  with  Re¬ 
marks  on  their  General  Management.  12mo, 
cloth,  illustrated  . ^2.00 

REINHARDT,  C.  W..  Lettering  for  Draftsmen, 

Engineers,  and  Students.  A  Practical  System 
of  Eree-hand  Lettering  for  Working  Draw¬ 
ings.  Revised  and  enlarged  edition.  Twenty- 
ninth  Thousand.  Oblong  boards . $1.00 

- The  Technic  of  Mechanical  Drafting.  A 

Practical  guide  to  neat,  correct  and  legible 
drawing,  containing  many  illustrations,  dia¬ 
grams  and  full-page  plates.  4to,  cloth,  illus. 

.  $1.00 

REISER,  F.  Hardening  and  Tempering  of 'Steel, 

in  Theory,  and  Practice.  Translated  from  the 
German  of  the  third  and  enlarged  edition,  by 
Arthur  Morris  and  Herbert  Pcobson.  8vo, 
cloth,  120  pages  . . $2.50 

— — — N.  Faults  in  the  3Ianufacture  of  Woolen 

Goods  and  their  Prevention.  Translated  from 
the  second  German  edition,  by  Arthur  Morris 
and  Herbert  Robson.  8vo,  cloth,  illustrated. 
.  net,  $2.50 

- Spinning  and  Weaving  Calculations  with 

special  reference  to  Woolen  Fabrics.  Trans¬ 
lated  from  the  German  by  Chas.  Salter.  8vo. 

cloth,  illustrated  . net,  $5.00 

REXWICK,  W.  G.  Marble  and  Marble  Working. 

A  handbook  for  architects,  sculptors,  marble 
quarry  owners  and  workers  and  all  engaged 
*  in  building  and  decorative  industries.  250  pp. 
72  illustrations.  13  colored  plates.  8vo,  cloth. 
. . . net,  $5.00 

RICE,  .1.  M.,  and  JOHNSON,  W.  W.  On  a  New 

Method  of  Obtaining  the  Differential  of  Func¬ 
tions,  with  especial  reference  to  the  Newton- 
-  ian  conception  of  Rates  or  Velocities.  12mo, 
paper  .  $0.50 

RICHARDS,  F.,  and  COLVIN,  F.  H.  Perspective, 
Practical,  (Isometric).  Flexible  cloth  .  .  .$0.50 

RICHARDSON,  J.  A  Practical  Treatise  on  ti. 
Theory  Design,  Construction  and  Use  or 
The  Modern  Steam  Engine.  380  pp.  293 
illustrations.  8vo,  cloth . t.net,  $3.50 

S.  S.  Margnetism  and  Electricity  and  the 

Principles  of  Electrical  Measurement.  2S4  Il¬ 
lustrations.  604  pp.  12rao,  cloth. ..  .net,  $9.00 
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RIDEALi,  S.,  D.Sc.  Glue  and  Glue  Testing,  'with 
figures  and  tables.  8'vo,  cloth,  illustrated. 
. net,  $4.00 

RIPPER,  W,  A  Course  of  Instruction  in  Ma¬ 
chine  Drawing  for  Technical  Schools  and  En¬ 
gineer  Students.  With  52  plates  and  numer¬ 
ous  explanatory  engravings.  Polio,  cloth, 
. net,  $6.00 

ROBERTS,  J.,  Jr.  laboratory  Work  in  Electri¬ 
cal  Engineering,  (Preliminary  Grade.)  A  series 
of  Laboratory  Experiments  for  First  and  Sec¬ 
ond  Year  Students  of  Electrical  Engineering. 
With  Figures,  Diagrams  and  Tables.  8vo, 
cloth,  illustrated  . net,  $2.00 

ROBERTSON,  L.  S.  Water-tube  Boilers.  Based 

on  a  short  course  of  Lectures  deliveted  at  Uni¬ 
versity  College,  London.  With  upward  of 
170  illustrations  and  diagrams.  8vo,  cloth,  il¬ 
lustrated  . $3.00 

ROBINSON,  J.  B.  Architectural  Composition.  An 

attempt  to  order  and  phrase  ideas  which  hith¬ 
erto  had  been  only  felt  by  the  instinctive 
taste  of  designers.  8vo,  cloth,  233  pp.,  173  il¬ 
lustrations . net,  $2.50 

—— S.  W,  Practical  Treatise  on  the  Teeth  of 

W'heels,  "with  the  theory  and  the  use  of  Rob¬ 
inson’s  Odontograph.  Third  Edition,  revised, 
with  additions.  16mo,  cloth,  illustrated.  (Van 
Nostrand’s  Science  Series.)  . $0.50 

ROEBLiING,  J.  A.  Long  and  Short  Span  Rail¬ 
way  Bridges.  Illustrated  with  large  copper¬ 
plate  engravings  of  plans  and  views.  Imper¬ 
ial  folio,  cloth  . $25.00 

ROGERS,  ALLEN.  A  Laboratory  Guide  of  In¬ 
dustrial  Chemistry.  Illustrated.  170  pp.  8vo, 
cloth . net,  $1.50 

- and  AUBERT,  A.  B.  Industrial  Chemistry. 

Written  by  a  staff  of  eminent  specialists. 
. • . In  Press. 

ROLLINS,  W.  Notes  on  X-Light.  With  153  full- 
page  plates.  8vo,  cloth,  illustrated,  net,  $7.50 

ROSE,  J.,  M.E.  The  Pattern-makets’  Assistant. 

Embracing  Lathe  Work,  Branch  Work,  Core 
W'ork,  Sweep  Work  and  Practical  Gear  Con¬ 
structions,  the  Preparation  and  Use  of  Tools, 
together  with  a  large  collection  of  useful  and 
valuable  Tables.  Ninth  Edition.  With  250 
engravings.  8vo,  cloth  . #..$2.60 
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- Key  to  Ensines  and  Engine-running.  A 

Practical  Treatise  upon  the  Management  of 
Steam-engines  and  Boilers  for  the  use  of  those 
who  desire  to  pass  an  examination  to  take 
charge  of  an  engine  or  boiler.  With  numerous 
illustrations,  and  Instructions  upon  Engineers’ 
Calculations,  Indicators,  Diagrams,  Engine 
Adjustments  and  other  Valuable  Information 
necessary  for  Engineers  and  Firemen.  12mo. 
cloth.  Illus . $2.50 

- T.  K.  The  Precious  Metals.  Comprising 

gold,  silver,  and  platinum.  46  illustrations. 
8vo,  cloth,  311  pp.  (Van  Nostrand’s  Westmin¬ 
ster  Series.) . net,  $2.00 

ROSENHAIN,  AV.  Class  Alanufacture.  Illustrat¬ 
ed.  8vq,  cloth,  175  pp.  (Van  Nostrand’s  West¬ 
minster' Series.) . net,  $2.00 

ROSSITER,  J.  T.  Steam  Engines.  8vo,  cloth. 

(Van  Nostrand’s  Westminster  Series.) 
. In  Press. 

- Pumps  and  Pumping  Machinery.  Svo,  cloth. 

(Van  Nostrand’s  Westminster  Series.) 
. in  I' 

ROTH.  Physical  Chemistry . Pn  Press. 

ROUILiEIOlV,  LOUIS.  Cams.  The  Drafting  of. 
Pamphlet  . $0.25 

- Manual  Training.  The  Economics  of.  A 

Study  of  the  Cost  of  Equipping  and  Maintain¬ 
ing  Hand  Work  in  the  Elementary  and  Sec¬ 
ondary  Schools.  8vo,  cloth  . $2.00 

HOWAjX,  F.  j.  The  Practical  Physics  of  the 

Modern  Steam-boiler.  With  an  Introduction 
by  Prof.  R.  H.  Thurston.  With  numerous  il¬ 
lustrations  and  diagrams.  Svo,  cloth,  illus¬ 
trated  . $7.50 

RUHMER,  E.  Wireless  Telephony  in  Theory  and 

Practice.  Translated  from  the  German  by 
James  Ersklne-Murray.  With  an 
by  the  Translator,  and  numerous  figures  and 
half-tones.  Illustrated.  224  pp.,  Svo.  {‘lo^ 
. net,  $3.50 

RllSSEI,!/,  .A I.EXA N DFH.  The  ’I'heory  of  Elec¬ 
tric  Cables  and  Networks.  71  illustrations. 
279  pp.  Svo,  cloth . net,  .$3.00 

SABINE,  R.  Ili.sfory  and  Progress  of  the  Elee- 

tric  Telegraph.  With  descriptions  of  some  of 
the  apparatus.  Second  Edition,  with  additions. 
12mo,  cloth  .  $1  25 
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SAJBILTZER,  A.  Treatise  on  Acoustics  in  Con¬ 
nection  with  Ventilation.  12mo,  cloth,  $1.00 

SALOMONS,  Sir  D.,  M.A.  Elcctric-ligltt  Installa¬ 
tions.  A  Practical  Handbook.  With  numerous 
illustrations.  Vol.  I.,  The  Management  of  Ac¬ 
cumulators.  Ninth  Edition,  revised  and  mostly 
rewritten.  12mo,  cloth  . $1.50 

Vol.  II.  Apparatus.  Seventh  Edition,  revised 
and  enlarged.  296  illus.  12mo,  cloth....  $2.25 

Vol.  III.  Applications.  Seventh  Edition,  re¬ 
vised  and  enlarged.  12mo,  cloth . $1.5(1 

- -Management  of  Accumulators.  A  Practical 

Handbook.  Ninth  Edition,  revised.  (An  edi¬ 
tion,  mostly  rewritten,  of  Volume  I  of  Electric 
Eight  Installations  and  the  Management  of 
Accumulators.)  With  figures  and  plates. 
12mo,  cloth,  illustrated  . net,  $2.50 

SANFORD,  P.  G.  Nitro-explosives.  A  Practical 

Treatise  concerning  the  Properties,  Manufac¬ 
ture  and  Analysis  of  Nitrated  Substances,  in¬ 
cluding  the  Fulminates,  Smokeless  Powders 
and  Celluloid.  Second  Edition,  revised  and 
enlarged.  8vo,  cloth  . net,  $4.00 

SAUNDERS,  C.  H.  Hanclbook  of  Practical  Me¬ 
chanics  for  use  in  the  Shop  and  Draughting- 
room;  containing  Tables,  Rules  and  Forrriulae, 
and  Solutions  of  Practical  Problems  by  Simple 
and  Quick  Methods.  16mo.  limp  cloth,  $1.00 

SAUNNIER,  C.  Watchmaker’s  Handbook.  A 

Workshop  Companion  for  those  engaged  in 
Watchmaking  and  allied  Mechanical  Arts. 
Translated  by  J.  Tripplin  and  E.  Rigg.  Sec¬ 
ond  Edition,  revised,  with  appendix.  12mo, 
cloth  . ?3.00 

SCHEUUEN,  H.,  Dr.  Magiieto-clectric  and  Dyna¬ 
mo-electric  Machines:  their  Construction  and 
Practical  Application  to  Electric  Lighting,  and 
the  Transmission  of  Power.  Translated  from 
the  third  German  edition  by  N.  S.  Keith  and 
Percy  Neymann,  Ph.D.  With  very  large  ad¬ 
ditions  and  notes  relating  to  American  Ma¬ 
chines,  by  N.  S.  Keith.  Vol.  I,  with  35.3  illus¬ 
trations.  Second  Edition.  8vo,  cloth,  $5.00 

SCHERER,  R.  Casein:  its  Preparation  and 

Technical  Utilization.  Translated  from  the 
German  by  Chas.  Salter.  8vo,  cloth,  illus¬ 
trated  . net,  $3.00 
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SCHMAL.1:.,  C.  N.  First  Course  in  Analytic  Ge¬ 
ometry,  Plane  and  Solid,  with  Numerojas  Ex¬ 
amples.  Containing  figures  and  diagrams. 
12mo,  half  leather,  illustrs'.ed . net,  $1.75 

- —and  SHACK,  S.  M.  Kiement-s  of  Plane  Ge¬ 
ometry.  An  Elementarv  Treatise.  With  many 
examples  and  diagram.-^.  12rno,  half  leather, 
illustrated  . net,  $1.25 

SCHMEER,  Louis.  Flow  of  'Water;  A  New  The¬ 
ory  of  the  Motion  of  AVater  under  Pressure, 
and  in  Open  Conduits  and  its  Practical  Appli¬ 
cation.  8vo,  cloth,  illustrated . In  Press. 

SCHUMANN,  F.  A  Manual  of  Heating  and  "Ven¬ 
tilation  in  its  Practical  Application,  for  the 
use  of  Engineers  and  Architects.  Embracing  a 
Series  of  Tables  and  Formulae  for  Dimensions 
of  Heating,  Flow  and  Return  Pipes  for  Steam 
and  Hot-water  Boilers,  Flues,  etc.  12mo,  il¬ 
lustrated,  full  roan  . $1.50 

SCHWTEIZER,  V.  Distillation  of  Resins,  Resin- 

ate  Lakes  and  Pigments;  Carbon  Pigments  and 
Pigments  for  Typewriting  Machines,  Manifold- 
ers,  etc.  A  description  of  the  proper  methods 
of  distilling  resin-oils,  the  manufacture  of 
resinates,  resin-varnishes,  resin-pigments  and 
enamel  paints,  the  preparation  of  all  kinds  of 
carbon  pigments,  and  printers’  ink,  litho¬ 
graphic  inks  and  chalks,  and  also  inks  for 
typewriters,  manifolders,  and  rubber  stamps. 
With  tables  and  68  figures  and  diagrams.  8vo, 
cloth,  illustrated  . net,  $3.50 

SCRIBNER,  J.  M.  Engineers’  and  Mechanics’ 

Companion.  Comprising  United  States  Weights 
and  Measures,  Mensuration  of  Superfices  and 
Solids,  Tables  of  Squares  and  Cubes,  Square 
and  Cube  Roots,  Circumference  and  Areas  of 
Circles,  the  Mechanical  Powers,  Centres  of 
Gravity,  Gravitation  of  Bodies,  Pendulums, 
Specific  Gravity  of  Bodies,  Strength,  Weight 
and  Crush  of  Materials,  Water-wheels,  Hydro¬ 
statics,  Hydraulics,  Statics,  Centres  of  Per¬ 
cussion  and  Gyration,  Friction  Heat,  Tables 
of  the  Weight  of  Metals,  Scantling,  etc..  Steam 
and  Steam-engine.  Twenty-first  Edition,  re¬ 
vised.  16mo,  full  morocco  . $1.50 

SEATON,  A.  E.  A  Manual  of  Marine  Engineer¬ 
ing.  Comprising  the  Designing,  Construction 
and  Working  of  Marine  Machinery.  With 
numerous  tables  and  illustrations  reduced 
from  Working  Drawings.  Sixteenth  Edition, 
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revised  throughout,  with  an  additional  chapter 
on  Water-tube  Boilers.  8vo,  cloth.. net,  $6.00 

—and  ROUNTH WAITE,  H.  M.  A  Pocket-book 

of  Marine  Engineering  Rules  and  Tables.  For 
the  use  of  Marine  Engineers  and  Naval  Archi¬ 
tects,  Designers,  Draughtsmen,  Superintend¬ 
ents  and  all  engaged  in  the  design  and  con¬ 
struction  of  Marine  Machinery,  Naval  and 
Mercantile.  Seventh  Edition,  revised  and  en¬ 
larged.  Pocket  size.  Leather,  with  diagrams. 
.  $3.00 


SEIDEIili,  A.  (Bureau  of  Chemistry,  Wash.,  D. 
C.).  Solubilities  of  Inorganic  and  Organic 
Substances.  A  handbook  of  the  most  reliable 
Quantitative ‘Solubility  Determinations.  12mo. 
cloth,  367  pp . net,  $3.00 

SEVER,  G.  F.,  Prof.  Electric  Engineering  Ex¬ 
periments  and  Tests  on  Direct-current  Ma¬ 
chinery.  With  diagrams  and  figures.  Second 
edition,  revised  and  enlarged.  8vo  pamphlet, 
illustrated,  75  pp . net,  $1.00 


— and  TOWNSEND,  F.  Laboratory  and  Fac¬ 
tory  Tests  in  Electrical  Engineering.  Second 
Edition,  revised  and  rewritten.  8vo,  cloth,  il¬ 
lustrated,  269  pp . net,  $2.50 


SEWALIi,  C 

diagrams 

corrected. 


.  H.  W^irelcss  Telegraphy.  With 

and  engravings.  Second  Edition, 
8vo,  cloth,  illustrated  ...net,  $3.00 


_ Lessons  in  Telegraphy.  For  use  as  a  Text¬ 
book  in  schools  and  colleges,  or  for  individual 
students.  Illustrated.  12mo,  cloth  . $1.00 


SEWELL,  T.  Elements  of  Eleetrical  Engineer¬ 
ing.  A  First  Year’s  Course  for  Students.  Sec¬ 
ond  Edition,  revised,  with  additional  chapters 
on  Alternating-current  Working 
dix  of  Questions  and  Answers.  With  many 
diagrams,  tables  and  examples. 
lustrated,  432  pages  . net,  $3.uu 


_ The  Construction  of  Dynamos  (Alternating 

and  Direct  Current).  A  text-book  for  students, 
engineer-constructors.  and  electricians-in- 
charge.  8vo,  cloth.,  illus.,  316  pp.  ..net,  $3.00 


SEXTON,  A.  H.  Fuel  and  Refractory  Materials. 
8vo,  cloth  . $2.00 


—Chemistry  of  the  Materials  of  Engineering. 
A  Handbook  for  Engineering  Students.  With 
tables,  diagrams  and  illustrations.  12Tn^ 
cloth,  illustrated  . . . $2. 50 
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- An  Outline  of  the  Metallurgy  of  Iron  and 

Steel.  Illustrated.  620  pp.  8vo,  cloth. 
. net,  $6.50 

SRYMQUR,  A.  Praetieal  I.ithoarrapliT.  With 

figures  and  engravings.  8vo,  cloth,  illustrated. 
. net,  $2.. 50 

SHAW,  P.  K.  A  Pir.st-year  Coiir.se  of  Praetioal 

Magnetism  and  Electricity.  Specially  adapted 
to  the  wants  of  Technical  Students.  Inter¬ 
leaved  for  note-taking.  8vo,  cloth,  illustrated. 
. net,  .$1.00 

- S.  The  History  of  the  Staffordshire  Potter¬ 
ies,  and  the  Rise  and  Progress  ^  of  the  Manu¬ 
facture  of  Pottery  and  Porcelain;  with  ref¬ 
erences  to  genuine  specimens,  and  notices  of 

eminent  potters.  A  re-issue  of  the  original 
work  published  in  1829.  8vo,  cloth,  illustrated. 
. net,  $.5.00 

- Chemistry  of  the  Several  Natural  and  Arti¬ 
ficial  Heterogeneous  Compounds  used  in  Man¬ 
ufacturing  Porcelain.  Glass  and  Pottery.  Re¬ 
issued  in  its  original  form,  published  in  1887. 
8vo.  cloth  . net,  $5.00 

SHELDON,  S..  Ph.D.,  and  MASON.  H.,  B.S.  Dy¬ 
namo-electric  Machinery;  its  Construction,  De¬ 
sign  and  Operation,  Direct-current  Machines. 
Seventh  Edition,  revised.  8vo,  cloth,  illustraed. 
. net,  $2.50 

SHELDON.  S.,  MASON.  H..  and  HATJSM4NN.  E. 
Alternating-current  Machines:  being  the  sec¬ 
ond  volume  of  the  authors’  “Dynamo-elec¬ 
tric  Machinery:  its  Construction,  Design  and 
Oneration.”  With  manv  diagrams  and  figures. 
('Binding  uniform  with  volume  I.)  Seventh 
Edition,  completely  rewritten.  8vo,  cloth,  il¬ 
lustrated  . net,  $2.50 

SHIELDS,  .1.  E.  Notes  on  Engineering  Con¬ 
struction.  Embracing  Discussions  of  the  Prin¬ 

ciples  involved,  and  Descriptions  of  the  Ma¬ 
terial  employed  in  Tunneling,  Bridging,  Canal 
and  Road  Building,  etc.  12mo,  cloth  ...$!., 50 

SHOCK,  W.  H.  Steam  Boilers:  their  Design, 

Construction  and  Management.  4to,  half  mo¬ 
rocco  . . $15.00 

STTREVE,  S.  H.  A  Treatl.se  on  the  Strength  of 

Bridges  and  Roofs.  Comprising  the  determin¬ 
ation  of  algebraic  formulas  for  strains  in 
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Horizontal,  Inclined  or  Rafter,  Triangular, 
Bow-string,  Lenticular  and  other  Trusses, 
frorn  fixed  and  moving  loads,  with  practical 
applications  and  examples,  for  the  use  of 
Students  and  Engineers.  87  wood  mt  illustra¬ 
tions,  Fourth  Edition.  8vo,  cloth  . 

SHUNK,  AV.  F.  The  Field  Engineer.  A  Handy 

Book  of  practice  in  the  Survey,  Location  and 
Track-work  of  Railroads,  containing  a  large 
collection  of  Rules  and  •  Tables,  original  and 
selected,  applicable  co  both  the  Standard  and 
Narrow  Gauge,  ant.  prepared  with  special  ref¬ 
erence  to  the  wants  of  the  young  engineer. 
Nineteenth  Edition,  revised  and  enlarged. 
With  addenda.  12mo,  morocco,  tucks  50 

SIMMS,  F.  AV.  A  Treatise  on  the  Prineiple.s  and 

Practice  of  Leveling.  Showing  its  application 
to  pr.rposes  of  Railway  Engineering,  and  the 
CorstrucHon  of  Roads,  etc.  Revised  and  cor- 
I'.or* -with  the  addition  of  Mr.  Laws’ 
eal  Examnlos  for  sottins:  out  Railwav 
Illustrated.  Svo.  cloth  . SU.50 

—Practical  Tunnelina:.  Fourth  Edition,  llc- 
vised  and  greatly  extended.  With  additional 
riiapters  illustrating  recent  practice  by  D. 
Kinnear  Clark.'  With  36  plates  and  other  il¬ 
lustrations.  Imperial  Svo,  cloth  . SS.OO 

SIAIPSON,  G.,  The  Naval  Constructor.  A  A^ade 

Mecum  of  Ship  Design,  for  Students,  Naval 
Architects,  Ship  Builders  and  Owners,  Marine 
Superintendents,  Engineers  and  Draughtsmen. 
12mo,  morocco,  illustrated.  500  pages,  net,  $5.00 

.SINCLAIR,  ANGUS.,  Aleni.  Am.  Soc.  Mech.  Eng’rs. 

Development  of  the  Locomotive  Engine.  Be¬ 
ing  a  history  of  the  growth  of  the  locomotive 
from  the  most  elemental  forms,  with  biograph¬ 
ical  sketches  of  the  eminent  engineers  and 
inventors,  hlalf  leather . $,5.00 

SINHALL,  R.  AAL  The  Manufacture  of  Paper. 

58  illustrations.  Svo,  cloth,  285  pp.  (Van 
Nostrand’s  Westminster  Series.) . net,  $2.00 

SLATER,  .1.  W.  Sewage  Treatment,  Purification 

and  Utilization.  A  Practical  Manual  for  the 
Use  of  Corporations.  Local  Boards.  Medical 
Officers  of  Health,  Inspectors  of  Nuisances, 
Chemists,  Manufacturers,  Riparian  Owners. 
Engineers  and  Rate-payers.  12mo,  cloth,  $2.25 

SI.OANE,  T.  O’C.  Elementary  Electrical  Calcu¬ 
lations:  a  manual  of  simple  engineering  math¬ 
ematics,  covering  the  whole  field  oX  direct  cue- « 
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rent  calculations,  the  basis  of  alternating:  cur¬ 
rent  mathematics,  net  works  and.  typical  cases 
of  circuits,  with  appendices  on  special  sub¬ 
jects.  314  pp.  12mo,  cloth,  illustrated. 
. . net,  $2.00 

SMITH,  P.  E.  Handbook  of  General  Instruction 

for  Mechanics.  Rules  and  formulae  for  prac¬ 
tical  men.  12mo,  cloth,  illus.,  324  pp.,  net,  $1.50 

- 1.  W.,  C.  E,  The  Theory  of  Deflections  and 

of  Latitudes  and  Departures.  With  special 
applications  to  Curvilinear  Surveys,  for  Align¬ 
ments  of  Railway  Tracks.  Illustrated.  16mo, 
morocco,  tucks  .  $3.00 

- J.  C.  Manufacture  of  Paint.  A  Practical 

Handbook  for  Paint  Manufacturers,  Merchants 
and  Painters.  With  60  illustrations  and  one 
large  diagram.  8vo,  cloth  . net,  $3.00 

■  W.  Chemistry  of  Hat  Manufacturing;  Lec¬ 
tures  delivered  before  the  Hat  Manufacturers’ 
Association.  Revised  and  edited  by  Albert 
Shonk.  12mo,  cloth,  illustrated  ....net,  $3.00 

SNELL,  A.  T.  Electric  Motive  Power;  The 

Transmission  and  Distribution  of  Electric 
Power  by  Continuous  and  Alternate  Currents. 
With  a  Section  on  the  Applications  of  Elec¬ 
tricity  to  Mining  Work.  Second  Edition.  8vo, 
cloth,  illustrated  . net,  $4.00 

SNOW,  W.  G.  Pocketbook  of  Steam  Heating  and 

Ventilation . In  Press. 

- and  NOLAN,  T.  Ventilation  of  Buildings. 

16mo,  cloth  (Van  Nostrand’s  Science  Series.) 

. $0.50 

SODDV,  F.  Radioactivity;  An  Elementary  Trea¬ 
tise  from  the  standpoint  of  the  disintegration 
theory.  With  40  figures  and  diagrams.  8vo, 
cloth,  illustrated  . net,  $3.00 

SOLOMON,  M.  Electric  Lamps.  113  illustrations. 

8vo,  cloth,  339  pp,  (Van  Nostrand’s  Westmin¬ 
ster  Series.) . net,  $2.00 

SOTHERN,  J.  W.  Tbe  Marine  Steam  Turbine.  A 

practical  description  of  the  Parsons  Marine 
Turbine  as  now  constructed,  fitted  and  run,  in¬ 
tended  for  the  use  of  students,  marine  engi¬ 
neers,  superintendent  engineers,  draughtsmen, 
works  managers,  foremen,  engineers  and  oth¬ 
ers,  Third  Edition,  rewritten  up  to  date  and 
greatly  enlarged.  180  Illustrations  and  fold¬ 
ing  plates,  352  pp.  8vo,  cloth . net,  $5.00 
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SOXHIiET,  D,  H.  Art  of  Dyeing  and  Staining 

Marble,  Artificial  Stone,  Bone,  Horn,  Ivory  and 
Wood,  and  of  imitating  all  sorts  of  Wood.  A 
practical  Handbook  for  the  use  of  Joiners, 
Turners,  Manufacturers  of  Fancy  Goods,  Stick 
and  Umbrella  Makers,  Comb  Makers,  etc. 
Translated  from  the  German  by  Arthur  Mor¬ 
ris  and  Herbert  Robson,  B.Sc.  8vo,  cloth,  170 
pages  . net,  $2.50 

SPANG,  H,  W.  A  Practical  Treatise  on  Light¬ 
ning  Protection.  With  figures  and  diagrams. 
12mo,  cloth  . $1.00 

SPEYERS,  C.  Li..  Text-book  of  Physical  Chem¬ 
istry.  8vo,  cloth  . $2.25 

STAHL,  A.  W.,  and  WOODS,  A.  T.  Elementary 

Mechanism.  A  Text-book  for  Students  of  Me¬ 
chanical  Engineering.  Fifteenth  Edition.  12mo, 
cloth  . $2.00 

STALEY,  C.,  and  PIERSON,  G.  S.  The  Separate 

System  of  Sewerage:  its  Theory  and  Construc¬ 
tion.  Third  Edition,  revised  and  enlarged. 
With  chapter  on  Sewage  Disposal.  With 
maps,  plates  and  illustrations.  8vo,  cloth,  $3.00 

STANDAGE,  H.  C.  Leatherworkers’  Manual: 

being  a  Compendium  of  Practical  Recipes  and 
Working  Formulae  for  Curriers,  Boot-makers, 
Leather  Dressers,  Blacking  Manufacturers, 
Saddlers,  Fancy  Leather  Workers,  and  all  per¬ 
sons  engaged  in  the  manipulation  of  leather. 
8vo,  cloth  . net,  $3.50 

—Sealing  Waxes.  Wafers,  and  Other  Adhe¬ 
sives.  For  the  Household,  Office,  Workshop 
and  Factory.  8vo,  cloth,  96  pages,  net,  $2.00 

— Agglntinants  of  all  Kinds  for  all  Purposes. 

12mo,  cloth,  267  pp . $3.50 

STANSBIE,  J.  H.  Iron  and  Steel.  With  tables 

and  86  figures  and  diagrams.  375  pp.  Illus¬ 
trated.  12mo,  cloth.  (Westminster  Series) 
. net,  $2.00 

STEVENS,  H.  P.  Paper  Mill  Chemist.  67  illus¬ 
trations.  82  tables.  280  pp.  16mo,  cloth. 
. net,  $2.50 

STEWART,  A.  Modern  Polyphase  Machinery. 

With  diagrams  and  engravings.  12mo,  cloth, 
illustrated  . net,  $2.00 

STILES,  A.  Tables  for  Field  Engineers.  De¬ 
signed  for  Use  in  the  Field.  Tables  containing 
all  the  Functions  of  a  One  Degree  Curve,  from 
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Avliich  a  corresponding  one  can  be  found  for 
any  required  Degree.  Also,  Tables  of  Natural 
Sines  and  Tangents.  12mo,  cloth  . $1.00 

STfflA.>IAN,  P.  SteaJi:-engiuo  ludieator  and  the 

Iinnroved  Manoinetor  •  Steam  and  \'acuuin 
Gauges;  their  Utility  and  Application.  New 
Edition.  12mo,  flexible  cloth  . $1.00 

STODOIjA,  Dr.  A.  Steam  Turhine.s.  With  an 

appendix  on  Gas  Turbines,  and  the  future  of 
Heat  Engines.  Authorized  translation  by  Dr. 
Louis  C.  Loewenstein  (Lehigh  Universitj'). 
With  241  cuts  and  3  lithographed  tables.  8vo, 
cloth,  illustrated  . net,  $5.00 

STONE,  HERBERT,  F.L.S.,  F.R.C.I.  The  Timbers 

of  Commerce  and  their  Identiflcation.  With 
186  Photo-Micrographs.  8vo,  cloth . $3.50 

• 

- — R.,  Gen’l.  New  Roads  and  Road  Laws 

in  the  United  States.  200  pages,  with  num¬ 
erous  illustrations.  12mo,  cloth  . $1.00 

SUDROROUGH,  J.  J.,  and  JAMES,  T.  C.  Practi¬ 
cal  Organic  Chemistrsp  92  illustrations.  394 
pp.,  12mo,  cloth . net,  $2.00 

SUFFLING,  E.  R.  Treatise  on  the  Art  of  Glass 

Painting.  Prefaced  with  a  Review  of  Ancient 
Glass.  With  engravings  and  colored  plates. 
8vo,  cloth  . ,. . net,  $3.50 

SWAN,  K.  The  Law  and  Commercial  Usage  of 

Patents,  Designs  and  Trade  Marks.  402  pp., 
8vo,  cloth.  (Van  Nostrand’s  Westminster  Se¬ 
ries.) . net,  $2.00 

SWEET,  S.  H.  Special  Report  on  Coal,  Showing 

its  Distribution,  Classiflcation,  and  Costs  de¬ 
livered  over  Different  Routes  to  Various 
Points  in  the  State  of  New  York  and  the 
Principal  Cities  on  the  Atlantic  Coast.  With 
maps.  8vo,  cloth  . $3.00 

SWOOPE,  C.  W.  Practical  Lessons  in  Electric¬ 
ity:  Principles,  Experiments,  and  Arithmetical 
Problems.  An  Elementary  Text-book.  With 
numerous  tables,  formulae,  and  two  large  in¬ 


struction  plates.  8vo,  cloth,  illustrated. 
Tenth  Edition,  revised . net,  $2.00 


TAlLFEIi,  1j.  Practical  Treatise  on  the  Bleach¬ 
ing  of  Linen  and  Cotton  Yarn  and  Fabrics. 
With  tables  and  diagrams.  Translated  from 
the  French  by  .John  Geddes  McIntosh.  8vo, 
cloth,  illustrated  . . net,  $5.00 

TEMPLETON,  W.  The  Practical  Mechanic’s 
Workshop  Companion.  Comprising  a  great 
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variety  of  the  most  useful  rules  and  formulae 
in  Mechanical  Science,  with  numerous  tables 
of  practical  data  and  calculated  results  facili¬ 
tating'  mechanical  operations.  Revised  and 
enlarged  by  W.  S.  Hutton.  12mo,  morocco. 
.  $2.00 

TERRY,  H.  li.  ludin  Rubber  an^  its  3Iaiiufac- 

ture.  With  chapters  on  Gutta-Percha  and  Ba- 
lata.  With  figures.  Illustrated.  284  pp.,  8vo, 
cloth . net,  $2.00 

THOM,  C.,  and  .JONES,  W.  H.  Telegraphic  Con¬ 
nections;  embracing  Recent  Methods  in  Quad- 
ruplex  Telegraphy.  20  full-page  plates,  some 
colored.  Oblong,  8vo,  cloth  . $1.50 

THOMAS,  C.  W.  Paper-makers’  Handbook.  A 

Practical  Treatise.  Illustrated  . In  Press. 

THOMPSON,  A.  B.  Oil  Fields  of  Russia  and  the 

Russian  Petroleum  Industry.  A  Practical 
Handbook  on  the  Exploration,  Exploitation, 
and  Management  of  Russian  Oil  Properties, 
including  Notes  on  the  Origin  of  Petroleum 
in  Russia,  a  Description  of  the  Theory  and 
Practice  of  Liquid  Fuel,  and  a  Translation  of 
the  Rules  and  Regulations  concerning  Russian 
Oil  Properties.  With  numerous  illustrations 
and  photographic  plates  and  a  map  of  the 
Balakhany-Saboontchy-Romany  Oil  Field.  8vo, 

cloth,  illustrated  . net,  .$7.50 

- E.  P.,  M.E.  How  to  Make  Inventions;  or, 

Inventing  as  a  Science  and  an  Art.  A  Prac¬ 
tical  Guide  for  Inventors.  Second  Edition. 
8vo,  boards  . ..$0.50 

- — w!  P.  Handbook  of  Patent  Law  of  All 

Countries.  Thirteenth  Edition,  completely  re¬ 
vised,  March,  1905.  16mo,  cloth  . $1.50 

THORN  L.EY,  T.  Cotton  Combing  3Iachines. 
With  Numerous  tables,  engravings  and  dia¬ 
grams.  8vo,  cloth,  illustrated,  343  pages. 
. . net,  $3.00 

THURSO,  J.  W.  Modern  Turbine  Practice  and 

Water-Power  Plants.  With  eighty-eight  fig¬ 
ures  and  diagrams.  8vo,  cloth,  illustrated.. 
Second  Edition,  revised  . net,  .$4.00 

TINNEY,  W.  H.  Gold-mining  3Iachinery;  it.s 

Selection,  Arrangement,  and  Installation.  A 
Practical  Handbook  for  the  use  of  Mine  Man¬ 
agers  and  Engineers.  With  a  chapter  on  the 
Preparation  of  Estimates  of  Cost.  8vo,  cloth, 

illustrated,  308  pp . net,  $5.00 
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TITHERLEY,  PROF.  A.  W.  Laboratory  Course 

of  Organic  Chemistry,  including  Qualitative 
Organic  Analysis.  With  figures.  8vo.  Cloth. 
Illustrated  . net,  $2.00 

TOCH,  M.  Chemistry  anti  Technology  of  Mixed 

Paints.  With  60  Photo-micrographs  and  En¬ 
gravings.  ^vo,  cloth.,  illus.,  166  pp.,  net,  $3.00 

TODD,  J.,  and  WHALL,  W.  B.  Practical  Sea¬ 
manship  for  Use  in  the  Merchant  Service:  in¬ 
cluding  all  ordinary  subjects;  also  Steam 
Seamanship,  Wreck  Lifting,  Avoiding  Colli¬ 
sion,  Wire  Splicing,  Displacement  and  every¬ 
thing  necessary  to  be  known  by  seamen  of  the 
present  day.  Fifth  Edition,  with  247  illus¬ 
trations  and  dia,grams.  8vo,  cloth,  net,  $7.50 

TONGE,  J.  Coal.  With  Figures,  Half-tones,  Ta¬ 
bles  and  maps.  Illustrated.  275  pp.,  8vo,  cloth. 
. : . $2.00 

TOOTHED  GEARING.  A  Practical  Handbook 

for  Offices  and  Workshops.  By  a  Foreman 
Patternmaker.  184  illus.  12mo,  cloth  ...$2.25 

TRANSACTIONS  of  the  American  Institute  of 

Chemical  Engineers.  Vol.  I  for  1908.  8vo, 
cloth . net,  $6.00 

TRATMAN,  E.  E.  R.  Railway  Track  and  Track- 

work.  With  over  200  illus.  8vo,  cloth.. $3.50 

TRAVERSE  TABLE,  Showing  Latitude  and  De¬ 
parture  for  each  Quarter  Degree  of  the  Quad¬ 
rant,  and  for  Distances  from  1  to  100,  to  which 
is  appended  a  Table  of  Natural  Sines  and  Tan¬ 
gents  for  each  five  minutes  of  the  Quadrant. 
(Reprinted  from  Scribner’s  Pocket  Table 
Book.)  Van  Nostrand’s  Science  Series.  16mo, 

cloth  . $0.50 

Morocco  . $1.00 

TRINKS,  W.,  and  HOUSUM,  C.  Shaft  Governors. 

16mo,  cloth,  illustrated.  (Van  Nostrand’s 
Science  Series.)  . $0.50 

TUCKER,  J.  H.,  Dr.  A  Manual  of  Sugar  Analy¬ 
sis,  including  the  Applications  in  General  of 
Analytical  Methods  to  the  Sugar  Industry. 
With  an  Introduction  on  the  Chemistry  of 
Cane-Sugar,  Dextrose.  Levulose,  and  Milk- 
Sugar.  Sixth  Edition.  8vo,  cloth,  illus.  ..$3.50 

TUMI.IRZ,  O.,  Dr.  Potential  and  its  Application 

to  the  Explanation  of  Electrical  Phenomena, 
Popularly  Treated.  Translated  from  the  Ger¬ 
man  by  D.  Robertson.  12mo,  cloth,  ill.  $1.25 
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TUNNER,,  P.  A.  Treatise  on  R.oll-furninff  for 

the  Manufacture  of  Iron.  Translated  and 
adapted  by  John  B.  Pearse,  of  the  Pennsylva¬ 
nia  Steel  Works,  with  numerous  engravings, 
wood-cuts.  8vo,  cloth,  with  folio  atlas  of 
Pla^tes  . $10.00 

TliRBA^NE,  A.  A.  Alphabets  and  Numerals. 

With  27  plates.  4to,  boards . $2.00 

TURRIIjTj,  S.  M.  An  Elementary  Course  In  Per¬ 
spective  . In  Press. 

^NDERHIL/Li,  C.  It.  Solenoids,  Electromagnets 

and  Electromagnetic  Windings.  Illustrated. 
8 VO,  cloth . In  Press 

URQ,TJHART,  J.  W.  Electric  Light  Pitting.  Em¬ 
bodying  Practical  Notes  on  Installation  Man¬ 
agement.  A  Handbook  for  Working  Electrical 
Engineers.  With  numerous  illustrations.  12mo, 
cloth  . $2.00 

- Electro-plating.  A  Practical  Handbook  on 

the  Deposition  of  Copper,  Silver,  Nickel,  Gold, 
Brass,  Aluminum,  Platinum,  etc.  Fourth  Edi¬ 
tion.  12mo  . $2.00 

— — %Electrotyping.  A  Practical  Manual  Forming 

a  New  and  Systematic  Guide  to  the  Reproduc¬ 
tion  and  Multiplication  of  Printing  Surfaces, 
etc.  12mo  . $2.00 

-  . Electric  Ship  Lighting.  A  Handbook  on  the 

Practical  Fitting  and  Running  of  Ship’s  Elec¬ 
trical  Plant.  For  the  Use  of  Ship  Owners  and 
Builders,  Marine  Electricians  and  Sea-going 
Engineers-in-Charge.  Ulus.  12mo,  cloth,  $3.00 

UNIVERSAL  TELEGRAPH  CIPHER  CODE.  Ar¬ 
ranged  for  General  Correspondence.  12mo, 
cloth  . $1.00 

VACHER,  F.  Food  Inspector’s  Handbook.  A 
practical  guide  for  medical  officers,  meat  in¬ 
spectors,  army  officers,  students  and  others. 
Fifth  Edition.  75  illustrations.  289  pp.,  12mo, 
cloth . net,  $2.50 

A’’AN  NOSTRAND’S  Chemical  Annual,  based  on 

Biedermann’s  “Chemiker  Kalender.”  Edited 
by  Prof.  J.  C.  Olsen,  with  the  co-operation  of 
Eminent  Chemists.  Revised  and  Enlarged. 
Second  issue  1909.  12mo,  cloth . net,  $3.50 

- Year  Book  of  Mechanical  Engineering  Data. 

With  many  tables  and  diagrams.  (First  year 

of  issue  of  1910.) . ,,In  Press. 
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VAN  WAGENEN,  T.  F.  Manual  of  Hydraulic 

Mining-.  For  the  Use  of  the  Practical  Miner. 
Revised  and  enlarged  edition.  18mo,  cloth. 
.* .  $1.00 

VEGA,  VON  (Baron).  Xogarithniic  Tables  of 


Numbers  and  Trigonometrical  Functions. 
Translated  from  the  40th,  or  Dr.  Bremiker’s 
thoroughly  revised  and  enlarged  edition,  by 
W.  Li.  F.  Fischer,  M.A.,  F.R.S.  Eighty-first 
Edition.  8vo,  half  morocco  . $2.50 


VILLON,  A.  M.  Practical  Treatise  on  the 

Leather  Industry.  With  many  tables  and  il¬ 
lustrations  and  a  copious  index.  A  transla¬ 
tion  of  Villon’s  “Traite  Pratique  de  la  Fabrica¬ 
tion  des  Cuirs  et  du  Travail  des  Peaux,”  by 
Frank  T.  Addyman,  B.Sc.  8vo,  cloth,  illus¬ 
trated  . net,  $10.00 

VINCEiVT,  C.  Aiiiinonia  and  its  Compounds: 

their  Manufacture  and  Uses.  Translated  from 
the  French  by  M.  J.  Salter.  8vo,  cloth,  illus¬ 
trated  . . . net,  .$2.00 

VOLK,  C.  H;iulage  aad  Winding  Appliances 

Used  in  Mines.  With  plates  and  engravings.. 
Translated  front  the  German.  8vo,  cloth,  il¬ 
lustrated  . net,  $4.00 

VON  GEORG lElGCS,  G.  Chemical  Technology 
of  Textile  Fibres:  their  Origin,  Structure, 
Preparation,  Washing,  Bleaching,  Dyeing, 
Printing,  and  Dressing.  Translated  from  the 
German  by  Charles  Salter.  With  many  dia¬ 
grams  and  figures.  8vo,  cloth,  illustrated. 

30(1  pages  . net,  $4.50 

Contents: — The  Textile  Fibres;  Washing, 
Bleaching,  and  Carbonizing;  Mordants  and 
Mordanting;  Dyeing,  Printing,  Dressing  and 
Finishing;  Index. 

- Chemi.stry  of  Dyestuffs.  Tran.slated  from 

the  Second  German  edition  by  Chas.  Salter. 
Svo,  cloth,  412  pages  . net,  $4.50 

WABNEll,  R.  Ventilation  in  Mines.  Translated 

from  the  German  by  Charles  Salter.  With 
plates  and  engravings.  8vo,  cloth,  illustrated, 
240  pages  . net,  $4.50 

WADE,  E.  J.  Secondary  Batteries:  -  their  The¬ 
ory,  Construction  and  Use.  With  innumerable 
diagrams  and  figures.  8vo,  cloth,  illustrated, 
492  pages  . net,  $4.00 

WALKER,  F.,  C.E.  Aerial  Navigation.  A  Prac¬ 
tical  Handbook  on  the  Construction  of  Dirigi¬ 
ble  Balloons,  Aerostats,  Aeroplanes  and  Aero- 
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motors.  With  diagrams,  tables  and  illustra¬ 
tions.  8vo,  cloth,  illustrated,  151  pages. 
. net,  $3.00 

— Electric  Ijigliting  for  Marine  Engineers,  or 
How  to  Light  a  Ship  by  the  Electric  Light  and 
How  to  Keep  the  Apparatus  in  Order.  Second 
Edition.  103  illus.,  8vo,  cloth  . $2.00 

— S.  F.  Steam  Boilers,  Engines  and  Turbines. 

Turbines.  256  illustrations.  410  pp.,  8vo,  cloth. 

. $3.00 

—Marine  Refrigeration,  Heating  and  Ventila¬ 


tion.  228  pp.,  12mo,  cloth . In  Press. 

—Electricity  in  Mining.  8vo,  clotb.  Illus¬ 
trated  . . $3.50 


— — W.  H.  Screw  Propulsion.  Notes  on  Screw 

Propulsion;  its  Rise  and  History.  8vo,  cloth. 
. $0.75 

WALLIS-TAYLER,  A.  .1.  Bearings  and  Lubrica¬ 
tion.  A  Handbook  for  Every  user  of  Machin¬ 
ery.  Fully  illustrated.  8vo,  cloth  . .$1.50 

- Modern  Cycles,  a  Practical  Handbook  on 

.  Their  Construction  «and  Repair.  With  300  il¬ 
lustrations.  8vo,  cloth  . $4.00 

—Motor  Cars,  or  Power  Carriages  for  Common 

Roads.  With  numerous  illustrations.  8vo, 
cloth  . $1.80 

—Motor  Vehicles  for  Business  Purposes.  Sto, 
cloth,  Illustrated  . net,  $3.60 

. -Pocket  Book  of  Refrigeration  and  Ice  Mak¬ 
ing.  Fourth  Edition,  enlarged.  With  31  dia¬ 
grams  and  numerous  tables.  12mo,  cloth. 
Illustrated  . $1.50 

- Refrigerating  and  Ice-making  Machinery.  A 

Descriptive  Treatise  for  the  use  of  persons 
employing  refrigerating  and  ice-making  In¬ 
stallations,  and  others.  8vo,  cloth,  illus.,  $3.00 

- Refrigeration  and  Cold  Storage:  being  a 

Complete  practical  treatise  on  the  art  and 
science  of  refrigeration.  600  pages,  361  dia¬ 
grams  and  figures.  8vo,  cloth . net,  $4.50 

- Sugar  Machinery.  A  Descriptive  Treatise, 

devoted  to  the  Machinery  and  Apparatus  used 
in  the  Manufacture  of  Cane  and  Beet  Sugars. 
Second  Edition,enlarged  and  extensively  revised. 
i2mo,  cloth,  illustrated  . $2.00 

WANKLYN,  J.  A.  A  Practical  Treatise  on  the 
Examination  of  Milk  and  its  Derivatives, 
Cream,  Butter  and  Cheese.  12mo,  cloth,  $1.00 
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-—Water  Analysis.  A  Practical  Treatise  on  the 
Examination  of  Potable  Water.  Eleventh  Edi¬ 
tion.  12mo,  cloth  . $21.00 

WANSBROUGH,  W.  D.  The  A  B  C  of  the  Dif¬ 
ferential  Calculus.  12mo,  cloth  . $1.50 

WARD,  J.  H.  Steam  for  the  Million.  A  Popular 

Treatise  on  Steam,  and  its  application  to  the 
Useful  Arts,  especially  to  Navigation.  8vo, 
cloth  . $1.00 

WARING,  G.  E.,  Jr.  Sewerage  and  Land  Drain¬ 
age.  Illustrated  with  woodcuts  in  the  text, 
and  full-page  and  fol^ding  plates.  New  Edi¬ 
tion  . In  Press. 

-—■■Modern  3Iethods  of  Sewage  Disposal  for 

Towns,  Public  Institutions  and  Isolated 
Houses.  Second  Edition,  revised  and  en¬ 
larged.  260  pages.  Illustrated.  Cloth,  $2.00 

- —How  to  Drain  a  House.  Practical  Infor¬ 
mation  for  Householders.  Third  Edition,  en¬ 
larged.  12mo,  cloth  . .$1.25 

WARRE^L  P.  D.  Handbook  on  Reinforced  Con¬ 
crete.  16mo,  cloth.  Illustrated  . net,  $2.50 

WATSON,  E.  P.  Small  Engines  and  Boilers.  A 

Manual  of  Concise  and  Specific  Directions  for 
the  Construction  of  Small  Steam-engines  and 
Boilers  of  Modern  Types  from  five  Horse- 

Sower  down  to  model  sizes.  Illustrated  with 
umerous  Diagrams  and  Half-tone  Cuts.  12mo, 
cloth  . $1.25 

WATT,  A.  Electro-plating  and  Electro-refining 

of  Metals:  being  a  new  edition  of  Alexander 
Watts’  “Electro-Deposition.”  Revised  and 
largely  rewritten  by  Arnold  Philip,  B.Sc.  With 
numerous  figures  and  engravings.  8vo,  cloth, 
illustrated,  680  pages  . net,  $4.50 

■  '■  Electro-metallurgy  Practically  Treated. 
Eleventh  Edition,  considerably  enlarged.  12mo, 
cloth  . $1.00 

——The  Art  of  Soap-making.  A  Practical  Hand¬ 
book  of  the  Manufacture  of  Hard  and  Soft 
Soaps,  Toilet  Soaps,  etc.  Including  many  New 
Processes,  and  a  chapter  on  the  Recovery  of 
Glycerine  from  Waste  Lyes.  With  illustra¬ 
tions.  Fifth  Edition,  revised  and  enlarged. 
8yo.  cloth  . $3.00 
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—— Leather  3Ianufacture;  bein^  a  Practical 

Handbook,  in  which  the  Operations  of  Tan¬ 
ning,  Currying  and  Leather  Dressing  are 
Fully  Described,  and  the  Principles  of  Tan¬ 
ning  Explained,  and  many  Recent  Processes 
Introduced.  With  numerous  illustrations. 
Fifth  Edition,  thoroughly  revised  and  en¬ 
larged . net,  $4.00 

WEALE,  J.  A  Dietiouary  of  Terms  Used  in  Ar¬ 
chitecture,  Building,  Engineering,  Mining, 
Metallurgy,  Archaeology,  the  Fine  Arts,  etc., 
with  explanatory  observations  connected  with 
applied  Science  and  Art.  Fifth  Edition,  re¬ 
vised  and  corrected.  12mo,  cloth  . $2.50 

WEATHER  AND  WEATHER  INSTRUMENTS. 

Illustrated.  175  pp . paper,  $  .50 

. cloJ:h,  $1.00 

WEBBy  H.  L.  A  Practical  Gnide  to  the  Testing 

of  Insulated  Wires  and  Cables.  Illustrated. 
12mo,  cloth  . $1.00 

- The  Telephone  Handbook.  128  Illustrations. 

146  pages.  16mo,  cloth  . $1.00 

WEBBER,  W.  H.  Y.  Town  Gas  for  Llghtlner  and 

Heating.  Illustrated.  275  pp.,  8vo,  cloth.  (Van 
Nostrand’s  Westminster  Series.) . net,  $2.00 

WEEKES,  R.  W.  The  Design  of  Alternate  Cur¬ 
rent  Transformers.  Ulus.  12mo,  cloth  ...$1.00 

WEISBACH,  J.  A  Manual  of  Theoretical  Me¬ 
chanics.  Ninth  American  edition.  Translated 
from  the  fourth  augmented  and  improved  Ger¬ 
man  edition,  with  an  Introduction  to  the  Cal¬ 
culus  by  Eckley  B.  Coxe,  A.M.,  Mining  Engin¬ 
eer.  1,100  pages  and  902  woodcut  illustra¬ 


tions.  8vo,  cloth  . $6.00 

Sheep  .  $7.50 


- and  HERRMANN,  G.  Mechanics  of  Air  Ma¬ 
chinery.  Authorized  translation,  with  an  ap¬ 
pendix  on  American  practice  by  A.  Trow-, 
bridge.  With  figures,  diagrams,  and  folding 
plates.  Svo,  cloth,  illustrated . net,  $3.75 

WESTON,  E.  B.  Tables  Showing  Loss  of  Head 
Due  to  P’rictlon  of  Water  In  Pipes.  Fourth 
Edition.  12mo,  cloth  . $1.50 

WEYMOUTH,  P.  M.  Drum  Armatures  and  Com¬ 
mutators.  (Theory  and  Practice.)  A  com¬ 
plete  Treatise  on  the  Theory  and  Construction 
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of  Di'um  Winding,  and  of  commutators  for 
closed-coil  armatures,  together  with  a  full 
resume  of  some  of  the  principal  points  in¬ 
volved  in  their  design,  and  an  exposition  of 
armature  reactions  and  sparking.  8vo,  cloth. 
.  $3.00 

WHEELER,  J.  B.  Prof.  Art  of  War.  A  Course 

of  Instruction  in  the  Elements  of  the  Art  and 
Science  of  War,  for  the  Use  of  the  Cadets  of 
the  United  States  Military  Academy,  West 
Point,  N.  Y.  12mo,  cloth  . $1.75 

- —Field  Fortifications.  The  Elements  of  Field 

Fortifications,  for  the  Use  of  the  Cadets  of  the 
United  States  Military  Academy,  West  Point. 
N.  Y.  12mo,  cloth  . $1.75 

WHIPPLE,  S.,  C.E.  An  Elementary  and  Prac¬ 
tical  Treatise  on  Bridge  Building.  8vo,  cloth. 
.  $3.00 

WILKINSON,  H.  D.  Submarine  Cable  Laying 

and  Repairing.  Second  Edition,  completely  re¬ 
vised,  313  illustrations.  580  pp.,  8vo,  cloth. 
. net,  $6.00 

WILI.IAMS,  A.  D.,  Jr.,  and  HUTCINSON,  R.  W. 

The  Steam  Turbine. . In  Press. 

WILLI A3IS ON,  R.  S.  On  the  Use  of  the  Baro¬ 

meter  on  Surveys  and  Reconnaissances.  Part 
I.  Meteorology  in  its  Connection  with  Hyp- 
sometry.  Part  II.  Barometic  Hypsometry, 
With  illustrative  tables  and  engravings.  4to, 
cloth  . $15.00 

- Practical  Tables  in  Meteorology  and  Hyp¬ 
sometry,  in  connection  with  the  use  of  the 
Barometer.  4to,  cloth  . $2.50 

WILLSON,  F.  N.  Theoretical  and  Practical 

Graphics.  An  Educational  Course  on  the  The¬ 
ory  and  Practical  Applications  of  Descriptive 
Geometry  and  Mechanical  Drawing.  Prepared 
for  students  in  General  Science,  Engraving,  or 
Architecture.  Third  Edition,  revised.  4to, 
cloth,  illustrated  . net,  $4.00 

WIMPERIS,  H.  E.  Internal  Combustion  Engine. 

114  illustrations.  8vo,  cloth,  339  pp..net,  $3.00 

W'TNCHELL,  N.  H.,  and  A.  N.  Elements  of  Opti¬ 
cal  Mineralogy.  An  introduction  to  micro¬ 
scopic  petrography,  with  descriptions  of  all 
minerals  whose  optical  elements  are  known 
and  tables  arranged  for  their  determination 
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microscopically.  354  illustrations.  525  pp., 

8 VO.  cloth . net,  $3.50 

WINKLER,  C.,  and  LUNGE,  G.  Handbook  of 

Technical  Gas-Analysis.  With  figures  and 
diagrams.  Second  English  edition.  Trans¬ 
lated  from  the  third  greatly  enlarged  German 
edition,  with  some  additions  by  George  Lunge, 
Ph.D.  8vo,  cloth,  illustrated,  190  pages,  $4.00 

WOODBURY,  D.  V.  Treatise  on  the  Various 

Elements  of  Stability  in  the  Well-proportioned 
Arch.  With  numerous  tables  of  the  Ultimate 
and  Actual  Thrust.  8vo,  half  morocco.  Il¬ 
lustrated  . $4.00 

WORDEN,  E.  C.,  Prof.  The  Nitro-cellulose  In¬ 
dustry.  A  practical  treatise  on  Nitro-cellulose, 
Pyroxylin,  Collodion,  Celluloid,  Colloids,  Plas¬ 
tics,  Lacquers,  Synthetic  Leather,  Artificial 
Silk,  etc.,  including  the  manufacture  of  Films, 
Viscose,  Amyl  Acetate,  Amyl  Alcohol,  and  the 
Solvents  and  Non-solvents  of  substituted  Cel¬ 
lulose,  together  with  a  complete  resume  of  the 
United  States,  English,  French  and  German 
Patents  relating  to  the  subject.  8vo,  cloth. 

. In  Press. 

WRIGHT,  A.  C.  Analysis  of  Oils  and  Allied 

Substances.  8vo,  cloth,  illustrated,  241  pages. 

. net,  $3.50 

- Simple  Method  for  Testing  Painters’  Ma¬ 
terials.  8vo,  cloth,  160  pages  . net,  $2.50 

- H.  E.  Handy  Book  for  Brewers:  Being  a 

practical  guide  to  the  art  of  brewing  and  malt¬ 
ing.  Embracing  the  conclusions  of  modern  re¬ 
search  which  bear  upon  the  practice  of  brew¬ 
ing.  Third  Edition,  thoroughly  revised  and 
enlarged.  With  figures  and  folding  tables. 
8vo,  cloth,  illustrated,  562  pp . net,  $5.00 

_ T.  W.,  Prof.  (Union  College).  .Elements  of 

Mechanics,  including  Kinematics,  Kinetics  and 
Statics.  With  applications.  Seventh  Edition, 
revised.  8vo,  cloth,  illustrated . net,  $2.50 

- and  HAYPORD,  J.  F.  Ad.instment  of  Ob¬ 
servations  by  the  Method  of  Least  Squares, 
with  applications  to  Geodetic  Work.  Second 
Edition,  rewritten.  8vb,  cloth,  illustrated. 
. net,  $3.00 

YOUNG,  J.  E.  Electrical  Te.sting  for  Telegraph 

Engineers.  With  Appendices  consisting  of 

Tables.  8vo,  cloth,  illus.  . .  $4.00 

• 

ZEUNER,  A.,  Dr.  Technical  Thermodynamics. 
Translated  from  the  Fifth,  completely  revised 
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German  edition  of  Dr.  Zeuner’s  original  treat¬ 
ise  on  Thermodynamics,  by  Prof.  J.  F.  Clein, 
Lehigh  University.  8vo,  cloth,  two  volumes. 
Illustrated,  900  pp . ....net,  $8.00 

ZIBIMFR,  G.  F,  Mechanical  Handling  of  Mater¬ 
ial.  Being  a  treatise  on  the  handling  of  ma¬ 
terial,  such  as  coal,  ore,  timber,  etc.,  by  auto¬ 
matic  and  semi-automatic  machinery,  to¬ 
gether  with  the  various  accessories  used  in 
the  manipulation  of  such  plant,  also  dealing 
fully  with  the  handling,  storing,  and  ware¬ 
housing  of  grain.  With  542  figures,  diagrams, 
full-page  and  folding  plates.  Royal  8vo,  cloth, 
illustrated  . net,  $10.00 

ZIP.SER,  J.  Textile  Raw  Materials,  and  Their 

Conversion  into  Tarns.  The  study  of  the 
Raw  Materials  and  the  Technology  of  the 
Spinning  Process.  A  Text-book  for  Textile, 
Trade  and  higher  Technical  Schools,  as  also 
for  self-instruction.  Based  upon  the  ordinary 
syllabus  and  curriculum  of  the  Imperial  and 
Royal  Weaving  Schools.  Translated  from  the 
German  by  Chas.  Salter.  8vo,  cloth,  illus¬ 
trated  . net,  $5.00 
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No.  45.  THERMO-DYNAMICS.  .New  edition,  in 

press. 

No.  4(i.  ICE-MAKING  MACHINES.  From  the 

French  of  M.  Le  Doux.  Revised  by  Prof. 
J.  E.  Denton,  D.  S.  Jacobus,  and  A.  Riesen- 
berger.  Sixth  edition,  revised. 

No.  47.  LINKAGES:  THE  DIFFERENT  FORMS 

and  Uses  of  Articulated  Links.  By  J.  D.  C. 
De  Roos. 

No.  48.  THEORY  OF  SOLID  »  AND  BRACED 

Elastic  Arches.  By  William  Cain,  C.E. 

No.  49.  MOTION^  OF  A  SOLID  IN  A  FLUID.  By 

Thomas  Craig,  Ph.D. 

No.  50.  DAVELLING-HOUSES:  THEIR  SANI- 

tary  Construction  and  Arrangements.  By 
Prof.  W.  H.  Corfleld. 

No.  51.  THE  TELESCOPE;  OPTICAL  PRINCI- 

ples  Involved  in  the  Construction  of  Re¬ 
fracting  and  Reflecting  Telescopes,  with  a 
new  chapter  on  the  Evolution  of  the  Mod¬ 
ern  Telescope,  and  a  Bibliography  to  date. 
AVith  diagrams  and  folding  plates.  By 
Thomas  Nolan.  Second  edition,  revised  anU 
enlarged^ 

No.  52.  IMAGINABLE  QUANTITIES:  THEIR  GE- 

ometrical  Interpretation.  Translated  from 
the  French  of  M.  Argand  by  Prof.  A.  S. 
Hardy. 

No.  .53.  INDUCTION  COILS;  HOW  MADE  AND 

How  Used.  Eleventh  American  edition. 

No.  54.  KINEMATICS  OF  MACHINERY.  By 
Prof.  Alex.  B.  W.  Kennedy.  AVith  an  intro¬ 
duction  by  Prof.  R.  H.  Thurston. 

No.  55.  SEALER  GASES:  THEIR  NATURE  AND 

Origin.  By  A.  de  Varona.  Second  edition, 
revised  and  enlarged. 

No.  56.  THE  ACTUAL  LATERAL  PRESSURE 

of  Earthwork.  By  Benj.  Baker,  M.  Inst., 

C.E. 

No.  57.  INCANDESCENT  ELECTRIC  LIGHTING. 

A  Practical  Description  of  the  Edison  Sys¬ 
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